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Description 



BACKGROUND OF THE INVENTION 
Field of the Invention 



[00011 The present invention relates to a phase change optical recording medium on which nnaterials to be recorded 
are optically changedby irradiating electromagnetic wave.and which enables recoidingand re 

Description of the Related Art 

r00021 As one of optical recording media which enables recording and reproducing and erasing by Irradiating a light, 
here is known a so<5alled phase change optical disk. Such phase change optical disk utilizes a phase transition be- 
tween aSystalline phase and an amorphous phase, or between a crystaBine phase and other crystaHine phase. S nee 
^.7^^o^ the phase change optical disk can be earned out by a single beam, and because of the s-mple op^cal 
system of driving, such opttoal disk is generally employed as AV-related recording media or as recording media for a 

SoSi*^ Materials used for the recording media include Ge-Te. Ge-Te-Se. In-Sb. Ga-Sb, Ge-Sb-Te. and Ag-ln-Sb-Te^ 
n particular. Ag-ln-Sb-Te is employed as amark edge recording material, having features such ^^^l^'l""^^'^'^^ 
clearoutline of amorphous part in a recording mark (see Japanese Patent Applicalton Uid-Open (JP:A) No. 03-231889, 
JPV^ No 04-191089, JP-A No. 04-232779. JP^ No. 04-267192, and JP-A No. 05-345478, orthe like). 
[00041 However, these recording materials are to be used for an optical recording medium ha>;ng relat^rely lovj 
Jeconiing density, such as CD-RW (Compact Disk-Rewritable). If it is used in DVD (Digital Versatile D jk RAM or 
DVD-RW and the like, overwriting can be carried out when a recording linear velocity is around 3.5m/s (x 1 speed). 
However, when it becomes x 2 speed or faster, there is a problem that oven^riting property "^^V <l«te"°;^te " 
because speed for crystallization of the recording materials as described above is low, thus overwnting in high Imear 

roOOsT Tte poLibte'to crystalltee faster by increasing the amount of Sb. but this may lead to fall in crystallization 
temDerature due to Increase of Sb. and then a storage property may be detenorated. 

[00061 To solve this problem, there is disclosed an approach to use Ag-ln-Ge-Sb-Te system recording material in 
JP^ No. 2000-322740. It is possible to appV this approach when the recording linear velocity is 3.0 m/s to 20 m/s, 
but at a hiaher velocity, such as 20 m/s or more, it is not applicable. 

[00071 in the meantime. GaSb has been proposed as a high-speed crystallization material ("Phase^hange optu^l 
data storage in GaSb" Applied optics, /vol. 26. No. 2211 5, November 1 987). It is reported that as for this alloy, ciys al- 
Sion speed is extreme^ high, however, since a crystallization temperature is as ^^^^^^^^'^-^Z'^^^'f^^^^^^ 
initial stage is dWicult. Furthemiore. the U.S. Patent Nos. 4.818.666 and 5.072.423 d^close *at Mo. W, Ta Ni. Pd. 
Pt cu Ag. Au, Zn. Cd. Al, Tl, Si, Ge. Sn. Pb. As. Bi, S. Se, Te orthe like are added to GaSb so as to enhance its 
pmperiy. However, such disclosures do not satisfy an overvvriting property at high speed recording, degree of ^du- 
lation ^d archival stability at the same time. For instance, the optical recording medium disclosed in the U.S. Patent 
No 4 818 666 utilizes the phase change between the crystalline and crystalline phases for optical r«;ording. The 
moduiatio; is 0.29 at the best, which causes problems in the practical use. The U.S. Patent No. 4,81 8,666 stetes that 
a layer or a film lifts up, which is presumably because of the bubble generated on a portion where a aser beam is 
irradiated, when a content of Qa is less than 20%. It also states that, because of the lift-up, the level in which the 
reflectance differs, becomes unsteble. The U.S. Patent No.4.818,666 states that the invention stated therein causes 
problems in practical use. accordingly The phase change between the crystel and crystalline phases utilizes the drf- 
ference In reflectance derived from the difference in the crystal particle diameters. Therefore. It <s "n avorable for the 
high-density recording that requires fine mari«. The optical recording medium ^^f^^^lUj^iy f ^f^^' 
4il8 666 does not ^low the same recording capacity as DVD-ROM. Appl. Phys. Leff. 60 (25). 22 June 1992, pp. 
31234125 states an optical recording medium that utilizes a GeSb thin film and that is capable of phase change at an 
extra-hiqh speed. An electron diffraction shown In the FIG. 1 attached thereto does not describe the onenteton of 
crystals Furthemiore, the modulation between a phase virtilch serves as the crystalline phase and the amorphous 
Dhase is 0.15 to 0.2, which causes problems in practical use. u ^ 

[00081 Japanese Patent Application Laid-Open (JP^) No.2001-39031 discloses an optical recording medium whose 
recording layer is mainly fomied of alloy as (SbxGe1-x)1-ylny (herein, 0.65<x<0.95. 0<y<0.2). However, there ,s only 
one statement in initialization condition of the optical recording medium. It only states that the inrtializajon condrtion 
is to crystallize at an initial phase with a laser power density of around 2.6mW/nm2 There is no statement about a high 
laser power density at an initial phase. The low laser power density as disclosed therein provides a medium having 
pooriy oriented crystals and tow reflectance. The recording linear velocity disclosed therein is as slow as 2.4m/s to 
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9.6m/s, which does not meet the present invention's a high recording linear velocity. 

[0009] As described above, various kinds of phase change recording materials have been reported so far. but any 
of the materials has not been satisfactorily provided with the properties required by a rewritable phase change optica! 
receding medium. In particular, those have not been the materials such as having a high-density recording capacity 
5 equivalent of that of DVD-ROM's, being capable of handling a situation when recording linear velocity is further in- 
creased (- 35 nrt/S), and simultaneously satisfying requirements as to ovenvriting property, degree of modulation, and 
archival stability. 

SUMMARY OF THE INVENTION 

10 

[0010] The present invention has been proposed In view of the problems of the related arts as mentioned above. 
[0011] It is therefore an object of the present invention to provide an optical recording medium which is capable of 
recording and erasing by a reversible phase change between an amorphous phase and a crystalline phase in the 
recording layer, and has a large degree of modulation and good stability in an amorphous mark. The optical recording 
IS medium is capable of recording and erasing by a reversible phase change between an amorphous phase and a crys- 
talline phase, even at a high linear velocity of lOnrVs or more. 

[001 2] In order to solve the above problems, the Inventors of the present Invention have focused attention on materials 
in recording layer, and have dedicated to and pursued their studies, resulting in accomplishment of the present Inven- 
tion. The above problems can be solved by the following aspects of the present invention. 
20 [0013] According to'a first aspect of the present invention, the present invention provides an optical recording medium 
comprises a substrate and a recording layer disposed on the substrate, in which the recording layer comprises Ga and 
Sb, a content of the Sb is BOatm% to 95atm% relative to a total content of the Ga and the Sb in the recording layer, 
and recording and erasing are earned out by a reversible phase change between an amorphous phase and a crystalline 
phase In the recording layer. 

2S [0014] According to a second aspect of the present invention, the recording and the erasing are carried out by the 
reversible phase change between the amorphous phase and the ciystalline phase in the recording layer, when a laser 
beam having wavelength of 350nm to 700nm is in'adlated at a linear velocity (V) one of between more than 3m/s and 
40m/s or less. 

[0015] According to a third aspect of the present invention, the recording and the erasing are carried out by the 
30 reversible phase change between the amorphous phase and the crystalline phase in the recording layer, at a linear 
velocity of 1 0m/s or more. 

[0016] According to a fourth aspect of the present invention, the total content of the Ga and the Sb is 90atm% or 
more in the recording layer. 

[0017] According to a fifth aspect of the present invention, the total content of the Ga and the Sb In the recording 
35 layer is 95atm% or more. 

[0018] According to a sixth aspect of the present invention, the content of the Sb Is 85atm% to 95atm% relative to 
the total content of the Ga and the Sb in the recording layer. 

[0019] According to aseventh aspect of the present invention, the optical recording medium comprises the substrate, 
a first protective layer, the recording layer, a second protective layer, and a reflection layer. In the optical recording 
40 medium of the seventh aspect, the first protective layer, the reconding layer, the second protective layer, and the re- 
flection layer are disposed on the substrate in this order, and a thickness of the reflection layer satisfies a relation of: 
0.1 OX or more, when the "A." expresses the wavelength of the laser beam. 

[0020] According to an eighth aspect of the present invention, the laser beam may have the wavelength of 630nm 
to 700nm. 

45 [0021] According to a ninth aspect of the present Invention, the optical recording medium comprises the substrate, 
a first protective layer, the recording layer, a second protective layer, and a reflection layer. In the optical recording 
medium of the ninth aspect, the first protective layer, the recording layer, the second protective layer, and the reflection 
layer are disposed on the substrate in this order, and each of a thickness of the first protective layer, a thickness of the 
recording layer, a thickness of the second protective layer, and a thickness of the reflection layer satisfies the following 

50 relations, when "X" expresses the wavelength of the laser beam; 

0.070X<ti <0.16X 



0.015A.^t2^ 0.032X 
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0.01U<t3<0.040X 



10 



15 



20 



25 



0.10X ^ 



Wherein "V expresses the thickness of the first protecth/e iayer, V ^^P^^l^/^"^^^^^^^ 
laverT-exoressestLthickness of thesecond protective iayer,andVexpresses the 

iSorS to an eleventh aspect of the present invention, the thckness of the recording layer may be 8nm to 



S According to a twelfth aspect of the present invention, the laser beam may have wavelength of 350nm to 

m025T According to a thirteenth aspect of the present invention, the optical recording medium comprises the sub- 
Sr.^! a f f^orSveJay^^^^^^ recoiSing layer, a second protective layer, and a reflection layer. I n the optical record ng 

reflection layer are disposed on the substrate In this order, and each of a thickness of the ^'^^ P"'^^^*^^ 
;Sei ^he recoring layer, a thickness of the second protective layer, and a thickness of the reflecton layer 
satisfies the following relations, when "X," expresses the wavelength of the laser beam; 

0.070X^ti ^0.5X 
0.015X^t2^0.05X 
0.01U<t3S0.055X 



30 0.10X<t4; 



35 



40 



45 



SO 



wherein expresses the thickness of the first p,x,tective layer. V ^'^P^^^J'^^T ^^^^ 
•U' expreies the thickness of the second protective layer, and V expresses the thickness of the reflection layer 
t^r^rding to a fourteenth aspect of the present invention, the optical recording •^^^^'^J'/.^:;"?"^^^^^^^ 
S a reflation layer, a second protective layer, the recording layer, a first protective layer, and a ''f ^^"^mitonce 
fleMn IheTS recording medium of the fourteenth aspect, the reflection layer, the second protective layer, the 
rSirc^Jg ye^ t"^ St ^Sve layer, and the light transmittance layer are deposed on the s"'>3trate .n th« o«^^^^ 
L^Sch of a thickness of the reflec^on layer, athtekness of the second protective layer. na 
TaVertandathk^ness of the first protective layer.andathtekness of the 1^^^^ 
relations, when "X" expresses the wavelength of the laser beam; 



0.10Xst4<0.75X 

0.01UStaS0.055X 

0.015X:St2S0.05X 

0.070X S t^S 0.5X 

55 0<t5^0.6mm, 

Wherein V expresses the thickness of the reflection layer. V expresses the thickness of the second protective layer. 
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V expresses the thickness of the recording layer, expresses the thickness of the first protective layer, and V 
expresses the thickness of the light transmittance layer. 

[0027] According to a fifteenth aspect of the present invention, the optical recording medium may further comprises 
one or more of the recording layers. 

[0028] According to a sixteenth aspect of the present Invention, the optical recording medium includes a first infor- 
mation layer which has one of the recording layers, and a second Infomiatlon layer which has other one of the recording 
layers in this order, from a direction that the laser beam Is Irradiated, and a light transmittance of the first information 
layer is 40% or more with the wavelength. 

[0029] According to a seventeenth aspect of the present Invention, the recording and the erasing are carried out by 
the reversible phase change between the amorphous phase and the crystalline phase in the recording layer, at a linear 
velocity of 1 4m/s or more. 

[0030] According to an eighteenth aspect of the present invention, the recording and the erasing are carried out by 
the reversible phase Change between the amorphous phase and the crystalline phase in the recording layer, at a linear 
velocity of 28m/s or more. 

[0031] According to a nineteenth aspect of the present invention, a reflectance (Rg) at an unrecorded space part 
satisfies a relation of 12%< Rg <30%, when a laser beam having wavelength between 350nm and 700nm is Irradiated. 
[0032] According to a twentieth aspect of the present invention, the optical recording medium has a degree of mod- 
ulation (M) of 0.4 or more, when the recording is carried out at a linear velocity (V) one of between more than 3m/s 
and 40m/s or less and at wavelength of a laser beam of between 350nm and 700nm. and the degree of modulation 
(M) satisfies a relation of: 

M={Rg.Rb)/Rg, 

where "M" expresses the degree of modulation , " Rb" expresses a reflectance at a recording mark of the optical recording 
medium, and "Rg" expresses a reflectance at an unrecorded space part of the optica! recording medium. 
[0033] According to a twenty first aspect of the present invention, the optical recording medium has the degree of 
modulation (M) of 0.4 or more, when the recording is canied out by an optical lens having NA of 0.60 or more. 
[0034] According to a twenty second aspect of the present invention, the optical recording medium has the degree 
of modulation (M) of 0.6 or more. 

[0035] According to a twenty third aspect of the present invention, the optical recording medium has the degree of 
modulation (M) of 0.4 or more, when the recording is carried out at any linear velocity (V) between 10m/s and 35m/s. 
[0036] According to a twenty fourth aspect of the present invention, the optical recording medium has the degree of 
modulation (M) of 0.6 or more, when the recording Is carried out at any linear velocity (V) between 10m/s and 35m/s. 
[0037] According to a twenty fifth aspect of the present Invention, the recording layer further comprises at least one 
element selected from Ag, Au, Cu, Zn. B, Al, In. Si, Ge, Sn, Pb, N, P, Bl, La, Ce, Gd, Tb, Mg, Co, Mn. Zr, Rh, Se, Fe, and Ir. 
[0038] According to a twenty sixth aspect of the present Invention, the element Is at least one selected from Ag, Au, 
Cu, B. Al, In, Mn, Sn, Zn, Bi, Pb, Ge. Si., and N. 

[0039] According to a twenty seventh aspect of the present Invention, the recording layer comprises an alloy ex- 
pressed by the following Fomiula (1 ); 

Ga^jjSbpX^ Fonnula (1 ) 

where "X" expresses one of an element and a mixture of elements excluding Ga and Sb, "a", "P," and y are each 
expressed in atm%, and each satisfy relations of : "a + p 4- y = 1 00," "5 < a < 20," "80 < p ^ 95," and "0 < y < 1 0." 
[0040] According to a twenty eighth aspect of the present invention, the "X" comprises one of a single element and 
a mixture selected from Ag, Au, Cu. Zn. B, Al, In, SI, Ge, Sn, Pb. N, P, Bl, La, Ce, Gd, Tb, Mg. Co, Mn, Zr, Rh. Se, Fe, 
and Ir. 

[0041] According to atwenty ninth aspect of the present invention, the recording layer comprises Ga, Sb, Bi, and Rh. 
[0042] According to a thirtieth aspect of the present invention, the recording layer further comprises one element 
selected from Cu. B, N, Ge. Fe, and Ir 

[0043] According to a thirty first aspect of the present Invention, the recording layer comprises Ga, Sb, Zr, and Mg. 
[0044] According to a thirty second aspect of the present invention, the recording layer further comprises one element 
selected from Al, C, N, Se, and Sn. 

[0045] According to a thirty third aspect of the present invention, the optical recording medium comprises the sub- 
strate, a first protective layer, the recorcling layer, a second protective layer, a reflection layer, and a surrounding pro- 



tective layer. In the optical recordin g medium of the thirty thini aspect, the tirst protectnre layer. "-^^^^^^^^^ 
second protective layer, and the reflection layer are disposed on the substrate ,n this order, and the surrounding pro 
tective laver is disDOsed on a surface of the reflection layer. ._i ^« *«r .^on 

K A^ordlng to athirty fourth aspect of the present invention, the present --nt;on P-^^^^^^^^^^ 
ufacturing an optical recording medium which comprises the steps of: disposing a first P[^^^l^J^^^ 
laye,asecondprotectK,elaye,areflectionlayerinthfeorderona8Ubstrate.soasto^^^^^ 

medium priorto initial crystallization; and irradiating a laser beam having a P°*%^^"^^^°^.^^^^Sm orio^^^ 
to the ooScal recording (iedium prior to initial crystallization, while rotating the optical recording medium pnor o inrtB 

cri^^SonTndSa;^^^^ 
0 8 so as to initiaiV crystsdiize the optical recording medium prior to initial cn^tallizaJion and manufacture the optical 

toWiwtn^. and the conlnt linear veloc^ for inrtial crystallization is 6mys to 1 

densftv of 15r^WAim2 to 40mW/iim2 and the constant linear velocity for initial crystallization is 6m/s to 14rnfe 
-5 ?ooi7 A^d^n^ a thirty siZ aspectof the present invention, the present invention provides a sputt^nng ta^et 

optical recording medium of the thirty sixth aspect, the alloy is expressed by the following Fomiula (1). 

GaaSbp Fomiulad) 

so 

where "a" and T are each expressed in atm%. and each satisfy relations of: "5^ a < 20" and '80 ^ P ^ " 
ToS Accorig to a thirty seventh aspect of the present invention, the allo^ 

(1); 

GaaSbp Fomiuia(1) 

other element of the alloy, and the alloy is expressed by one of the following Fomiula (1); 
35 GaaSbp Fom^ulad) 

whon. and "B" are each expressed atm%, and each satisfy relations of: a 2 20" and "80 < p S 95." 

ToOsTl A^orcf ng^ aSrt^Sh aspect of (he present invention, the present invention provides an optical recording 

40 prScl w^htrnsJs 2 steps of fomiing aUrbeam which reversibly phase changes between an amorphous 
S^iT^indTci^Sine phase Ina recording layer which is disposed on a substrate optical recording n^^^^^^^ 
KpTesen?Svention, so as to have one of a single pulse and a plurality of pulses; and irradiating the laser bea,^ 
t he o^ iTr^^olg medium at a linear velocity (V) one of between more than 3m/s and 40r^s or les . and at a 
reco^rnq power (Pw) having a power density of 20mW/jim2 or more, so as to record in the recording layer. 

45 S ASinglo a for^eth aspect of the present invention, the linear velocity (V) Is one of between 1 0m/s and 

According to a forty first aspect of the present invention, the laser beam is irradiated, so that a ratio of an 
erasing power (Pe) to the recording power (Pw) satisfies a relation of. 

^ 0.10 S Pe/Pw S 0.65. 

u.horp»Pe°exDresses the erasing power and "Pw" expresses the recording power. 
S lcSrgt^rfortysJnd aspect o^ 
55 Of an erasing power (Pe) to the recording power (Pw) which satisfies a relation of: 

0.13 S Pe/Pw < 0.6. 
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where "Pe" expresses the erasing power and "Pw" expresses the recording power. 
BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0055] 

FIG. 1 is a sectional view showing an example of a schematic structure of an optical recording medium according 
to the present invention. 

FIG. 2 is a sectional view showing another example of a schematic structure of an optical recording medium 
^0 according to the present Invention. 

FIG. 3 is a sectional view showing an example of a schematic stmc^ure of an optical recording medium having two 
recording layers. 

FIG. 4 is a perspective view showing an example of a schematic structure of an optical recording medium according 
to the present invention. 

IS FIG. 5 Is a transmission electronographic Image showing an example of a recording layer after an initial recording. 

FIG. 6 is a view showing a recording strategy which is generally used for a rewritable optical recording medium. 

FIG. 7 is a graph showing a result of measuring C/N ratio, using GaSb of EXAIVIPLE A-2. 

FIG. 8 is a graph showing a result of evaluation of a degree of modulation, when a thickness of the recording layer 

was changed In EXAMPLE A-4. 
20 FIG. 9 is a graph showing an example of the X ray diffraction of EXAMPLE A-5. 

FIG. 1 0 is a graph to explain In-plane X-ray diffraction. 

FIG. 11 is a diagram showing spectrum measured by In-plane X-ray diffraction as to an optical recording medium 
of EXAIVIPLE A-5. 

FIG. 12 is a graph showing an example of an effect obtained by converting the powder X-ray diffraction measure- 
rs ment result into wavelength X = 1 .54A (0.1 54nm), as to the optical recording medium of EXAMPLE A-6. 

FIG. 13 is a graph showing an example of a change in jitter value after haying conserved a recorded-medium 

under a circumstance of 80**C and 85% RH, as to the optical recording medium of EXAMPLE A-5. 

FIG. 14 is a graph showing an example of a result of powder X-ray diffraction as to further alternative optical 

recording medium of EXAM PLE A-5. 
30 FIG. 15 is a graph showing an example of a unit lattice of hexagonal structure. 

FIG. 16 is a graph showing a relationship between lattice constant and crystallization temperature. 

FIG. 17 is a graph showing an example of spectrums measured by In-plane X-ray diffraction as to the optical 

recording medium of COM PARATIVE EXAMPLE A-1 . 

FIG. 1 8 is a result of recording test, which was conducted to the optical recording medium manufactured in EX- 
35 AMPLE A-1. 

FIG. 19 is a graph showing an example of plotted C/N ratios, when recording was carried out by changing the 
recording linear velocity, by utilizing the optical recording medium manufactured in EXAMPLE A-1 . 
FIG. 20 is a graph showing an example of plotted power conditions when the C/N ratio became maximum, and 
the optical recording medium manufactured in EXAMPLE A-1 was used and Pe/Pw (erasing power/recording pow- 
^0 er) of the laser beam to be used for recording was improved under the respective recording linear velocity condi- 

tions. 

FIG. 21 is a graph showing a relationship between the recording linear velocity and the jitter properties, in EXAM- 
PLES B-1 to B-4. 

FIG. 22 Is a graph showing a relationship among the thickness of the first dielectric layer, the reflectance, and the 
45 degree of modulatloh (M) In EXAMPLE B-5, 

FIG. 23 Is a graph showing a relationship between the thickness of the recording layer and the reflectance in 
EXAMPLE B-6. 

FIG. 24 is a graph showing a relationship between the thickness of the recording layer and the reflectance in 
EXAMPLE B-6. 

so 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0056] Referring to the accompanying drawings, the embodiments of the present invention will be described here- 
inafter. 

55 [0057] FIG. 1 and FIG. 2 are each sectional views showing examples of schematic structures of an optical recording 
medium according to the present invention. FIG. 1 shows a structure where a first protective layer 1 , a recording layer 
2, a second protective layer 3 and a reflection layer 4 are sequentially disposed on a substrate 7. Protective layer such 
as the first protective layer 1 and the second protective layer 3. are not required to be disposed. However, when the 
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substrate 7 comprises a material having poor heat resistance such as a poiycaroonate resin, the Jirst protective .ayer 
is preferably disposed. A surrounding protective layer can also be disposed if necessary, though not shown in the 

figures. .. 
[00581 FIG. 2 shows an example of a structure where the reflection layer 4, the second protective layer 3. the recording 

5 layer 2, and the fiist protective layer 1 are sequentially disposed on the substrate 7. in the inverse order of the structure 
in FIG 1 In the structure shown In FIG. 2, a light transmittance layer 5 is additionally disposed. Each of the optical 
recording media is subjected to recording and reproducing by irradiating a laser beam from the direction shown in 
FIGS 1 and 2. An optical recording medium having the structure of FIG. 2 has a suitable stmcture for making the spot 
diameter of the laser beam smaller by enhancing numerical aperture (NA) of objective lens of an optical pickup, thereby 

10 allowing the recording martc to have higher density. The optical recording medium of the present Invention preferably 
has a disk-shape. FIG. 4 is a perspective view showing an example of a schematic stmcture of an optical recording 
medium according to the present invention. A sectional view of a cut portion of the optical recording medium shown in 
FIG. 4 can be referred to as the one shown in FIG. 1 , for example. Here, it should be noted that the optical recording 
medium of the present invention is not limited to the above configurations. 

15 [00591 Hereinafter, the present invention will be described In detail. 

[0060] As for material in a recording layer of the recent DVD system, there Is already a marketed DVD system capable 
of recording at the speed of 2.5X (around 8.5 m/s recording linear velocity). Further demand has been made on a 
higher speed recording. 

[0061 ] In view of this situation, the inventors of the present invention have researched and developed a recording 
20 material for an optical recording medium, which Is capable of high density recording In a capacity equivalent to. or 
more than that of DVD-ROM, and which covers, at the same time, x 1 0 speed of recording (around 35 m/s or more). 
As a result, it has been found out that a preferable composition is the one closerto an eutectic composition of Ga and Sb. 
[00621 It appears that the material. Ga and Sb, was proposed in development of a rewritable optical disk having 
reflectance interchangeability with CD-ROM in the middle of the 1980's. However, a low reflecting medium fomied of 
25 AglnSbTe was alternatively proposed, and thus the Ga and Sb did not appear in the practical use. 

[00631 The Inventors of the present Invention has found out that an optical recording medium is capable of recording 
and erasing by a reversible phase change between an amorphous phase and a crystalline phase by comprising a 
substrate and a recording layer disposed on the substrate in which the recording layer comprises Ga and Sb. and a 
content of the Sb Is 80atm% to 95atm% relative to a total content of the Ga and the Sb in the recording layer. The 
30 optical recording medium having a composition ratio of the above is capable of recording at a high linear velocity, and 
of being applied to a wide range of the linear velocity at recording. j ei, -n, 

p)0641 In the recording layer, a content of Sb is 80atm% to 95atm% relative to a total content of Ga and Sb. The 
content of Sb Is preferable from a viewpoint of obtaining an optical recording medium having a good C/N ratio. The 
total content of Ga and Sb in the recording layer is preferabV 90atm% or more, and more preferably 95atm% or more. 
35 [00651 The optcal recording medium of the present invention is capable of recording and erasing by a reversible 
phase change between an amorphous phase and a crystalline phase, preferably at a linear velocity of 1 0mis or more, 
more preferably at a linear velocity of 14m/s or more, and still more preferably at a Hnear velocity of 28nfVs or more. 
Here the optical recording medium of this aspect refers to the one that has a capability of recording and erasing at a 
llnearvelocity of 10m/s ormore. Theoptical recording medium of this aspect may be ormay not be capable of recording 
40 anderaslngatalinearvelocity of less than 10m/s. ,. » , 

[0066] However, the inventors of the present invention have confimied the following. As descnbed above, a limit of 
a recording linear velocity of the optical recording medium fomed of AglnSbTe is around 20 m/s. As for Ga Sb, It has 
been confirmed by an experiment that a sufficient degree of modulation can be obtained, at a linear velocity up to 
around 35 m/s even with the Ga and Sb alone, when recording is carried out under a condition of 12% S Rg S 30%, 
45 preferably 20% S Rg s 30% (herein "Rg" expresses a reflectance at an unrecorded space part of a disk upon Inadlating 
a laser beam having wavelength of between 350nm to roonm), using a DVD recording system having lens NA of 
around 0.65. The optical recording medium thus manufactured maintains good jitter properties even upon repetitive 
ovenwriting, and has very few problems regarding archival stability. 

[00671 In orderto satisfy such conditions, the optical recording medium comprises a substrate, a first protective layer, 
50 a recording layer, a second protecUve layer, and a reflection layer. In the optical recording medium, the first protective 
layer, the recording layer, the second protective layer, and the reflection layer are disposed on the substrate in this 
order. A thickness of the reflection layer preferably satisfies a relation of '0.1 OX or more," when the 'X." expresses 
wavelength of the laser beam. . 
[0068] When the wavelength of the laser beam is 630nm to 700nm. a thickness of the second protective layer and 
55 a thickness of the reflection layer each satisfy the following relations, and a thfckness of the recording layer and a 
thickness of the first protective layer can mainly be adjusted. 
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0.01 t3 ^ 0.040X 



0.10Xst4; 

wherein "ta" expresses the thickness of the second protective layer, and V expresses the thickness of the reflection 
layer. In particular, when the wavelength is determined, since the thicknesses of the recording layer and the protective 
layer are selected from an extremely limited range, it Is easy to determine these thicknesses of the recording layer and 
the first protective layer. 

[0069] The high reflectance within the "Rg," can be attained by thickening the recording layer and the first protective 
layer. Furthemnore. In order to control the reflectance by the first protective layer within the range defined by the above 
relations of "Rg," the thickness of the recording layer preferably satisfies a relation of: 

0.015).^ t2^ 0.032 A., 

wherein the "t2" expresses the thickness of the recording layer. 

[0070] The thickness of the first protective layer preferably satisfies a relation of: 

O.O/OX^ti ^0.16X, 

wherein the "t^" expresses the thickness of the first protective layer. 

[0071] If the thickness of the recording layer is within the range defined by the above relations, the thickness of the 
first protective layer may become larger than the thickness defined by the above relations. In the other words, the 
thickness of the first protective layer may satisfy other relations than the above In which the thicknesses are larger 
than the above relations. 

[0072] If the thickness of the first protective layer satisfies the other relations than the above, it takes more time to 
. fomn and dispose the first protective layer. 

[0073] Therefore, from a viewpoint of manufacturing an optical disk (an optical recording medium), the thickness of 
the first protective layer is preferably within the range defined by the above relation, In order to produce at low-cost. 
Therefore, the thickness of the first protective layer preferably satisfies the relation of: 

0.070X^ti5 0.16X, 

wherein the "t^" expresses the thickness of the first protective layer. 

[0074] Since the reflectance changes an absorption factor of light energy In a disk (an optical recording medium), it 
is an important property that influences recording properties of a disk. That is, when "Rg* is more than 30%, recording 
energy shorts, and a sufficient degree of modulation cannot be obtained. On the other hand, when the "Rg" is less 
than 12%, sufficient signal strength, which is necessary for a recording system, cannot be obtained. 
[0075] The second protective layer plays a role of efficiently transmitting the light energy to the reflection layer and 
the light energy having been absorbed In the disk (the light energy Is mainly absorbed in a recording layer material), 
so as to dissipate the heat derived from the light energy. If the second protective layer is too thick, heat Is kept Inside 
and a recording mark becomes fuzzy or unclear. The recording property, particularly jitter property hence deteriorates. 
If the second protective layer Is too thin, heat Is released to the reflection layer before reaching a heat amount required 
to exhibit a phase change recording principle in which the light energy absorbed In the recording layer accumulates 
therein and the recording layer melts to produce a recording mark. Therefore, sufficient recording property may not be 
obtained. It is preferable that the second protective layer Is not very thick, and Is within a range defined by the above 
relation. 

[0076] In addition, it is necessary to change the thickness of the second protective layer, since power density of a 
laser beam changes according to wavelength to be used in a recording system. This problem can be solved by placing 
the thickness within a range that satisfies the above relation. This can be applied to the thicknesses of the other layers. 
[0077] Here, the jitter property is evaluated by mark-edge dispersion, a/Tw, with respect to a channel cycle, 'Tw." 
[0078] The reflection layer plays a role of releasing the light energy, which has been absorbed In the disk (absorption 
is mainly carried out by a recording layer material), and also plays a role of reflecting the incident light of the light 
energy in an optical disk. If the thickness of the reflection layer satisfies a certain level, both of the rotes can be carried 
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?oU The inventors of the present invention have found out, through the expenments. *^^a PJ^^^^^^^ 

of the reflection layer is around 60nm or more in order to attain the roles. The ^'Jf^";,^,^^^^^^ 
layeris not particularly r.mited.aslongasthethicknessdoesrH>taffertthernanufactunng«>^^ 

ZaNrt8V«)Ointofprotectingthesubstratefrornheat.ar,dtheth-c^^ 
oMTss!Zavlewp™r*a^^^^^^ 

Sll ThethickriessofthefirstprotectivelayerenablescontrolIingadegreeofrnodulation(M)Jna^ 

Sm c^rl^J-gta and Sb a^ording to the present invention, when a r-ordi"g -d ^^^^^^^ ^^^^^"^ ^ 
oDtlcal recordinq medium is utilized, there may be a case that a degree of modulation is small. 
[£ djTee Of modulation (M). can be obtained by the following ^^^^^^^^ "^'^ 

out in an evaluation system of NA 0.65 and wavelength of 660nm. as currently used in a DVD for recording. 

M = (1H-1L)/1H. 

wherein -M" expresses the degree ofmodulation/IH-expressesasignallevelofaspaoeparthavingamax^ 

Le fn>L 0 5 ofrnTe O^^^^^^ ^ther hand, if the aforementioned thU^kness of each of the layers .s lar^^^^^ .n part.u.a, 
Tthe thickness of the first protective layer is large, the degree of modulation may become less than 0.4. 

I^lte that the reflectar^e at unrecorded space part. 'Rg.' " has the same -^^.^"'"9 ^^loJ^irsl^^ 
l~^parthavingamaximummarklength.-lH.-(as.gna.levelwhentheiaserb^^ 

S 100%). It also should be noted that the reflectance at recording mark (recorded portion). Rb. has the same 
meaning as the signal level of a space part having a maximum space length, "IL. 

SSsSl The necessary degree of modulation when irradiating a laser beam having wavelength of 630nm to JOOnm 
SaJ?e aS^ Tand d'eter^ining the thickness of the first protective layer so as to have '^^j^^fJ^-J ^^^^^^ 
0 4 or more when irradiating the laser beam having the above-mentioned wavelength, and also by contrt,ll.ng the 

SlSHnVrorel^"^^^^ 

ng higher capacfty of the optical recording medium, the wavelength of the laser beam is ^J/!^^^^^^^ 
oDtiS r^rdL medium of ttie present invention realizes a higher capacity at the same f ^^^^^ 

teS^i^eTser be^^ The optfcal recording medium of the present invention can be used when irradiating a laser 

Se^yers^the optical rLrding medium shown in FIG. 1 and FIG. 2. preferably satisfy the following relatons. when 
"r exoresses wavelength of the laser beam to be irradiated. ^ *• « .^i^ti^n r.f 

rOoSl ?efei^ng into FIG. 1 and FIG. 2, the thickness of the recording layer 2. V preferably satisf es a relation of 

V is 0.05JL or less, it is preferable from a viewpoint of recording sensitivity. i < t <o 5X • if the 

P0891 The thtekness of the first protective layer 1 . t,." preferably sat«^.es a relation o O O^O 
Vis0.070Xormore.it is preferablefromavlewpoint Of protecting the substratefromhe^ 
?thet,Ms05Xorless.itispreferablefromaviewpolntofmassi5roductlon.Theth.cknesses.t2andti.a^e^^^ 

Tadjlt^ in the ;e Jons above, so as to have the most su«^^^ 

r00901 The thickness of the second protective layer 3, t3," satisfies a relation of "0.01U S ta S ^ OSS^' « t^J^ 
0 or^re it is preferable from a viewpoint of recording sensitivity. If the V is 0.055X or more rt is preferable 
Zav^^n;thalmk^icplasticdefom.atlonlsaccumul^^^^ 

zr™Ts:;^trrr^^^^^ 

ZirXXltofrepe^^^^^ 

to the substrate 7 the thickness of the reflection layer 4. t*." satisfies a relation of 0.10X S U ^ 0;75X. If the % is 
largiSianTmashapeofther^^^^^^^ 



llSl'TrsiruSlT&thickness of the lighttr 

Unir^tiTP t " is oreferablv as thin as possible. For instance, tj" satisfies a relation of "0 ^ tj S 0.6 mm. so as 
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larga If the "ts" is larger than 0.6 mm, aberration nnay occur, causing an increase in errors. 
[0093] Furthermore, the optical recording medium of the present invention may have a multi-layer structure which 
has a high recording density, by providing two or more of the recording layers. FIG. 3 is a sectional view showing an 
example of a schematic structure of the optical recording medium having two of the recording layers. A first information 

5 layer 10, and a second infomiation layer 20 are disposed in this order on the substrate 7. An intemnediate layer 6 is 
disposed between the first infomiation layer 10 and the second infonnation layer 20. The first infomnation layer 10 
includes the first protective layer 11 , the recording layer 12, the second protective layer 13, and the reflection layer 14. 
The second information layer 20 includes the first protective layer 21 , the recording layer 22. the second protective 
layer 23, and the reflection layer 24. A heat dissipation layer 1 5 is provided between the intennediate layer 6 and the 

10 reflection layer 1 4. The heat dissipation layer 1 5 sufficiently dissipates heat which generates upon recording in the first 
infomiation layer 10. 

[0094] In order to achieve preferable recording and reproducing properties in the second information layer 20, the 
light transmittance of the first information layer 1 0 is required to be high. Therefore, in the optical recording medium of 
the present invention, the light transmission of the first infonnation layer 10 is 40% or more, by adjusting the thickness 
15 of each of the layers In the first infomnation layer 10. Specifically, it means to thin the recording layer 12. Since the 
material expressed by GaaSb^Xyis utilized, it is possible to attain a sufficient degree of modulation and crystallization 
speed, even with a thin recording layer 12. Accordingly, it Is possible to attain good recording and reproducing, even 
with double layer-stmcture optical recording medium, and provides an optical recording medium having a large record- 
ing capacity. 

20 [0095] As shown in the above, the recording layer of an optical recording medium according to the present invention 
comprises Ga and Sb. The recording layer may further comprise other eiement(s). The recording layer may comprise 
other etement(s) than Ga and Sb In 1 0atm% or less of a total content of Ga and Sb. The other element(s) is preferably 
at least one selected from Ag, Au, Cu, Zn, B, Al, In, Si, Ge, Sn, Pb, N, P, Bi, La, Ce, Gd, Tb, Mg, Co, Mn, Zr, Rh, Se, 
Fe, and Ir. Containing at least one of the elements of the above may enable improving recording properties and resist- 

25 ance of the optical recording medium of the present invention. 

[0096] For instance, containing 1 0atm% or less of a total content of Ga and Sb of at least one element selected from 
Ag, Au, Cu. B, Al, In, Mn, Sn, Zn, Bi, Pb, Ge, Si, and N, physical properties of the optical recording medium such as 
recording power, a recordable linear velocity, stability of amorphous maric, or the like, can be improved. 
[0097] Adding a single substance of Ge or a mixture of Ge and at least one element selected from In, Al, Ag, Mn, 

30 Cu, Au, and N Into the recording layer can also contribute to improving the degree of modulation (M). 

[0098] A preferable composition ratio of the element(s) to be added into the recording layer is 10atm% or less. 
[0099] For example, the inventors of the present invention have confirmed that adding around 3 atm% of In or Ge 
to GaSb enhances the degree of modulation by around 1 0%. The other elements show a similar effect. Here, in GaaS- 
bpXy. "X" expresses an element other than Ga and Sb and a mixture thereof. In addition, "a," "P," and Y each satisfy 

35 the relations of, in atm%, "5 ^ 20," "80 s p ^5, " "0 < y ^ 10" and "a + p + y = 100." If "a" is smaller than 5, 
crystallization speed is lowered and thus a recording and reproducing at a high linear velocity becomes difficult. On 
the other hand, if "a" is larger than 20, cycle of repetitive ovenwriting may become deteriorated. If "P" is smaller than 
80, a degree of modulation becomes as small as, for example, less than 0.4, between a reflectance of a recording 
mark and that of unrecorded space part. If "P" is larger than 95, cycle of repetitive ovenwriting may become less frequent. 

40 Furthermore, if "/ is larger than 1 0, a storage properties may deteriorate. 

[0100] The recording layer 2 can be fomned by various vapor growth methods, including, for example, vacuum dep- 
osition method, sputtering method, plasma-CVD method, photo-CVD method, ion plating method, electron beam vac- 
uum deposition method and the like. In partteular, the sputtering method is preferable for mass production and for 
quality of film (layer), or the like. 

[0101] The Inventors have further confimried that, by adding those elements other than Ga and Sb, It Is possible to 
obtain an optical recording medium which Is easily treated In a recording system, having further enhanced storage 
stability and requires less recording power, compared with an optical recording medium having a recording layerformed 
of GaSb alone. The addition of each of the elements may be optimized according to a necessity in the recording system. 
[0102] When in-adlating a laser beam having wavelength of 350nm to 450nm, the element(s) other than Ga and Sb 
50 Is preferably at least one selected from Ag, Au, Cu, Zn, B, Al, In, Si, Ge, Sn, Pb, N, P, Bi, La, Ce, Gd, and Tb. The 
addition of the element(s) leads to an optical recording medium that can be easily treated, for example, enabling im- 
proving archival stability and requiring small laser power for recording. 

[0103] An optical recording medium according to another aspect of the present invention comprises Bi and Rh as 
the elements other than Ga and Sb. The optical recording medium of another aspect focuses on a high-speed crys- 
55 tallization ability of Ga and Sb, and the inventors of the present invention have decided to employ GaSb for the com- 
ponents of the recording layer in order to attain a high-speed crystallization. Bi is also employed so as to improve such 
properties of GaSb that the initial crystallization is slightly difficult because of a high crystallization temperature. Addition 
of Bi has enabled higher crystallization speed and a sufficient degree of modulation. By further adding Rh. the archival 
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stability and overwriting properties are irriproved. high-speed crystallization has not yet 

[0104] The reason why the recording layer compnsing Ga and Sb ^"f ^ ^he atoms of Ga 

Uen dear. An assumption has been made on that it because tl.e --^^^ -^^^^^ ciToCtate phase, 
and Sb is 2.65A (0265nm) in the case of amorphous P^a^^. and « 2^WA ^^^^^^ „^ easily, ac- 

and that the phase transferring between the amorphous phase to the aystalline phase can oe came 

^1tl^unhem,ore.ha^.ngweaKcovalentbo^d.Bienab.esweaK^^^^^^ . 
zation temperature is lowered and re-arrangement of atoms^s 

can be accelerated, co'nstant between 

r^hra^nic^s^pr^^^^^^^^ 

Sr^^sUII — h^ 

s:roTA-SsprrL^iam,o>.^ 

SlT-nSn^;^^^^^^ Of Bi in the r^ording 'ave. --^^ ^t^rd^^^^^^^^ 

archival stability. o m ohH rio those elements have strong covalent bonding 

™ i'.f1hT5lt"?r.tecll«. layer and the second prMeclh» lay« ea* ptey a role o. proteetlng iKe optcel recording 
'ri™re7,r,ree^n,^er,^,«»«™ 

layer, the thickness of the first protective layer more preferably satisfies a relation of: 
so 0.070X £ti^0.16X, 

Wherein t," expresses the thickness of the f i^t protectee layer, and "X" expresses the wavelength of the laser 

!l?dprderStSinaspossble.lfthesecon^ 
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has to be large. When using a laser beam having wavelength of 630nm to 700nm, as utilized in DVDs, the thickness 
of the second protective layer preferably satisfies a relation of: 

^ 0.011Xst3<0.040X, 

wherein "t3" expresses the thickness of the second protective layer, and "A." expresses the wavelength of the laser beam. 
[0118] The recording layer of the aspect of the present invention above Is fornied ordinarily by sputtering method. 
A thickness of the recording layer of the aspect is preferably 1 0nm to 1 0Onm, and more preferably 20nm to 35nm. 
10 [0119] If the thickness of the recording layer is smaller than lOnm, light absorption properties deteriorate, and a 
function as a recording layer is lost. If the thickness of the recording layer is larger than 1 0Onm, a less laser beam is 
transmitted, and an interference effect cannot be expected. 

[0120] The reflection layer of the aspect comprises Ag alloy. The reflection layer can be fomned by the sputtering 
method. The reflection layer works also as a heat dissipation layer. A preferable thickness of the reflection layer Is 

15 50nm to 200nm, and more preferably, 70nm to 150nm. 

[0121] In an optical recording medium according to other aspect of the present invention, the recording layer com- 
prises Zr and Mg, as the other elements than Ga and Sb. In the other words, the present invention focuses on high 
speed crystallization speed derived from Qa and Sb. This is why Ga and Sb are contained in the recording layer of the 
optical recording medium of the present Invention. Mg is employed so as to Improve such properties of GaSb that the 

20 initial crystallization is slightly difficult because of its high crystallization temperature. 

[0122] Addition of Mg enables lowering the crystallization temperature of GaSb, higher speed crystallization and a 
sufficient degree of modulation. Addition of Zr to the GaSb further Improves archival stability and ovenvrrting properties 
of the recording layer. 

[0123] The reason why the recording material which contains a combination of Ga and Sb, Zr, and Mg enables a 
25 high speed crystallization have not yet been clear. An assumption has been made on that It Is because the most 
adjacent distance between the atoms of GaSb alloy is 2.65A (0.266nm) in the case of amorphous phase, and is 2.64A 
(0.264nm) in the case of crystalline phase, and that the phase transferring between the amorphous phase to the crys- 
talline phase can be candied out with slight transferring of the atoms, accordingly. 

[0124] Decrease in crystallization temperature because of addition of Mg is derived from weakening the bonding 

30 among Ga-Sb-Mg alloy, since Mg has weak covalent bonding. 

Re-an'angement of atoms is more easily enabled. Thus, the crystallization speed can be accelerated. Moreover, by 
adding Mg, a structure between amorphous phase and crystalline phase becomes largely changed, compared with 
that of GaSb alloy. This results in a significant change of optical constant between amorphous and crystalline phases 
along with the phase transferring. Accordingly, it is possible to improve the degree of modulation. 

35 [0125] Although it is still not very clear how the addition of Zr influences the improvement of archival stability and 
ovenvriting properties, an assumption has been made on that a high melting point of Zr controls a substance flow, 
thereby the overwriting properties are improved. Furthennore, a passive state is easily created by adding Zr, whteh 
prevents oxidization, thereby improving the archival stability. 

[0126] According to the above aspect of the present invention, by use of the phase change alloy of the above com- 
40 position for the recording layer, it is possible to obtain a optical recording medium having a large recording capacity 
equivalent to that of DVD-ROM, and even at a wide range of recording linear velocity of 3.5 nn/s to 35 m/s, including 
a high linear velocity of 25 m/s or more, and it still improves the degree of modulation, good in ovenA^riting and its 
repeating property, and further a high archival stability. 

[0127] In the aspect above, a content of Zr in the recording layer is preferably 0.5atm% to 5atm%, and a content of 

"^5 Mg In the recording layer is preferably 1 atm% to 6atm%; 

[0128] Containing 0.5atm% or more of Zr in the recording layer Improves archival stability and ovenrtrriting properties. 
If the content of the Zr is more than 5atm%, crystallization speed and recording sensitivity deteriorate. Containing 
1 atm% or more of Mg In the recording layer lowers crystallization temperature, and enables easier Initial crystallization, 
and further accelerates crystallization speed. Moreover, containing 1atm% of Mg enables faster crystallization speed, 

50 enables easier overwriting at a high linear velocity of 35m/s, and improves the degree of modulation. 
[0129] If the content of Mg Is more than 6atm%, archival stability deteriorates. 

[0130] In the aspect above, a content of Ga is preferably 6atm% or more, from a viewpoint of crystallization speed. 
A content of Sb here Is preferably 90atm% or less, from a viewpoint of Improving the number of cycle of repetith/e 
ovenwriting. 

55 [0131] As a further preferable phase change alloy to be used for the recording layer, there is suggested a recording 
material in the recording layer comprising Ga, Sb, Zr, and Mg, together with one element selected from Al, C, N, Se, 
and Sn. When Al, C, N, and Se are added, the archival stability is further improved. When Al, and Sn are added, the 
crystallization speed is further improved and overwriting can be carried out at a linear velocity of, for example. 35m/s, 
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A^n^nt Of the Cement selected from M C. N. Se. and Sn in ^^^-ecor^^^^^^^ 
3atm%. Containing 1 atm% or more of the element in the recording layer enables exh.brt,ng the above effects such as 
good archival stability. oven«riting properties at the linear velocity of 35m/s. o;;;";^ deteriorates in a case 
?01 331 containing more than 3atm% of the element in the recording layer ^^^^'^^S '^"^^^^^^ 
Lf Al C N Se and crvstallizatlon temperature deceases and hence archival stability detenorates m a case ot sn 

lilir 1^Tc:::^:v!^gX Zt. anS Mg in the recording layer andthe reason for the contents are the same as the 
previously given reasons for the case of Ga. Sb, Zr, and Mg. ... ovamole souttering method, as 

fS ° Se -Kordlna la,e, te thinner than 1 0nm, light abson>tlo» abllil, delertorates. and a (.ndten ^ a rewrdi^ 
Srrn,^S,3°ilTJ?^n^,g.ass,ce^^^ 

;^»rl»Sr»,rnC-4inho.e..i.s«h»A,.MA.C.^^^^^ 

Aa Cu Au is preferably used as the material when recording at a high linear velocity. Or. Ti. a, Pd Ta Cu 

^e I?ke can be addt to the reflection layer 4 efther alone or in combination of two or more. The '^^^^^-J^^^^ 

be frn?.ed by >iLs vapor growth methods.forex^^^^ 

meSrd phTcVD m^hod' ion plating method, electron beam vacuum deposition rn^od or the l-ce. Of these, the 
Listure Teferably has good heat resistance, a small absoiptance (k) and refractive index (n . 

?MMA) r*e like, is preferable from viewpoints of ability of fomning. optical properties, and cost. It is also preferabte 

Sl4r"Sr^Sa:SV5mayhaveconcav^^^^^^ 
oattems are molded by injecting molding or a photopolymer method, as in the sutetrate 7^ 
mm apples of the material for the intemiediate layer include ITO fomned of InO and SnO and the like 
SiSl S^?ieLfanove«.oatlayer.whichwillbementionedinthefollowings.inclu^^ 
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55 EXAMPLES 



mi«i The present invention will be described in more detail with reference to the following EXAMPLES^ It should 
LenlLrrtrprilmtnventionisnotl^,^^ 
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changed or adjusted according to necessity. 
(EXAIVIPLEA.1) 

[0146] On a 0.6mm thick polycarbonate substrate having a guiding groove which is formed of tracic pitch of 0.74jim 
and of groove depth of 400A (40nm), and also having a diameter of 120mm, a 75nm thick first protective layer comprising 
ZnS-SiOa mixture target (in which Si02 was 20 moi%), a 16 nm thick recording layer comprising Ga12Sb88 (atm%) 
alloy target, a 14 nm thick second protective layer comprising the same target as those for the first protective layer, 
and a 140nm thick reflection layer conprising Ag-Pd (1 atm%)-Cu{1 atm%) target, were sequentially disposed in this 
order by the sputtering method. 

[0147] As for the alloy target of the recording layer, a feed amount thereof was weighed beforehand, and was heated 
and melted in a glass ampoule. Thereafter, it was taken out to be pulverized into powder by a pulverizer. The powder 
thus obtained was heated and sintered, thereby making a disc-shaped target. Composition ratio of the recording layer 
after deposition was measured by the Inductively coupled plasma (ICR) emission spectrochemical analysis. The re- 
sulted composition ratio was the same as that of the elements of the target. For the ICR emission spectrochemical 
analysis, Sequential type ICR atomic emission spectrometer SPS4000, produced by Seiko Instmments Inc., was used. 
It should be noted that. In the following EXAMPLES A-2 to A-7, and COMPARATIVE EXAMPLE A-1 , the composition 
ratio of the alloy in the recording layer and the composition ratio of the alloy of the sputtering target were identical. 
[01 46] Subsequently, on the reflection layer, an around 5(im to 1 0(un thk^k surrounding protective layer comprising 
an acrylic resin was disposed by a spin coating method. On the surrounding protective layer, a 0.6mm thick substrate, 
which was as thick as the substrate originally fonned, was adhered to an ultraviolet setting resin, so as to manufacture 
the optical recording medium of the EXAMPLES As. Initial crystallization was candied out by rotating thus obtained 
optical recording medium at a constant linear velocity of 3m/s, while a laser beam having a power density of 8 mW/ 
^m^ was irradiated radially, and moving the laser beam at 36)im/r. 

[0149] Recording and reproducing was carried out to the optical recording medium, by using a pickup having wave- 
length of 660nm and NA of 0.65. Random patterns were recorded by EFM+ modulation technique, which is a modulation 
technique of DVD, under the recording conditions of a recording linear velocity of 17m/s, recording linear density of 
0.267jim/bit, whteh is the same capacity as that of DVD-ROM, recording power (Pw) of 20mW, and erasing power (Re) 
of 7mW. 

[01 50] FIG. 5 shows a transmission electron microscope image of the recording layer after the first recording. 
[0151] As shown In FIG. 5, it was observed that a mari< AP 2 (gray portion without black and white contrast in the 
figure) which had around 0.4|jm of the shortest marie and around 1 .8|im of the longest marie in the laser beam scanning 
direction (expressed by an an'ow L), were recorded randomly. The gray area was analyzed by an electron beam dif- 
fraction and it was found to be a halo pattern which indicated that this area was in amorphous material phase AP 
(amorphous phase). On the other hand, when the area having a clear contrast of black and white was analyzed by the 
electron beam diffraction, spots indicating crystalline phase CI were observed. 

[01 52] Furthennore, when the recording layer was observed by its transmission electron microscope Image after 1 0 
time direct overwriting (DOW), an image similar to the initial recording was observed. Therefore, it was confinmed that 
a repetitive recording could be carried out by the phase change between an amorphous phase and a crystalline phase. 
[0153] In a similar manner as described above, an optical recording medium that had a different composition ratio 
of the recording layer was manufactured. An amorphous phase and a crystalline phase were observed from the trans- 
mission electron microscope images after initial recording and 10 time DOW at a recordiiig linear velocity of 10 m/s. 
It was conflmned that repetitive recording was carried out by phase change between the amorphous phase and the 
crystalline phase. 

[0154] Composition ratios and results In a case of GaSb are shown In TABLE 1. " Q' In the table expresses that 
crystalline phase and amorphous phase were observed. " x (1 )" expresses that an amorphous phase was not observed 
under any recording conditions. This is because crystallization speed of the recording material was too fast, and a 
sufficient rapid cooling condition could not be obtained within recording conditions available In a current optical record- 
ing apparatus, and as a result, an entire portion of the recording layer was crystallized. " x (2)" expresses that amor- 
phous phase was observed, but was still formed on a space part of the recording layer, which should have been 
crystallized entirely, and that the recording linear velocity herein did not enable erasing. 



UABLE 1] 



Ga (atm%) 


Sb (atm%) 


Initial recording 


After 10 times DOW 


3 


97 


x(1) 


x(1) 


5 


95 


0 


0 



15 



10 



15 



20 



[TABLE 1] (continued) 



Ga (atm%) 


Sb (atm%) 


Initial recording 


After lOtlnnes DOW 


7 


93 


0 


0 


12 


88 


O 


O 


18 


82 


0 


0 


20 


80 


O 


O 


22 


78 


o 


X (2) 



rai5Sl On a rewritable optical recording medium, recording and erasing are generally earned out by a receding 
^? ?L f« .howrrPIG 6 Usuallv the recording strategy includes recording power (Pw) (mW). erasing power (Pe). 
fn?bS?oSb iS^' "pS mW oS. in descending order from higher power. By irradiating pulses to dras- 

According to those results, the preferable composrtlon latio of the recording layer was found out to be shown 
In the following Formula (1); 



GaaSb^ 



Fonnula (1) 



25 



30 



35 



40 



45 



wherein and -^"were each expressed in »atm%.- and each satisfiedthe relations of "5 ^ « ^ 2° 80 
roiSTl AsforGaSb. the detailed explanation in Japanese Patent Application Laid-Open (JP-A) No .61J 68145 
Sthe^omposmon ratio of Ga becomes 20% or less.aprominence may occurprob^ 

^Ibiirof variation level of reflectance coefficient. Therefore, there may be a problem m practical use^ Accord ng 
lotfe 7eiiTon. it has been confim^d that the optical recording medium of the present invention and that of the 

rL'^ltrnr^rerZLrat-.^^^^^^^^^ 
that in the JP-A No. 61-168145 where the phase change between crystal and crystalline phases is usea. 

(EXAMPLE A-2) 

101591 ODtical recording media were manufactured in the same manner as in EXAMPLE A-1 . except that the alloy 
Sor?S ^as replaced wfth GaSb alloy having an identical composition to that of ^^^'^^^^^f^^ 

[TABLE 2] 



50 



55 



Ga (atm%) 


Sb (atm%) 


C/N ratio(dB) after 10 times DOW of 3T 


3 


97 




5 


95 


51 


12 


88 


55 


16 


85 


50 


20 


80 


45 


25 


75 





16 
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[0161] Furthermore, optical recording media were manufactured In the same manner as in EXAMPLE A-1 . except 
that the alloy target for recording was replaced with GaSb alloy having a composition ratio of the recording layer shown 
in TABLE 3. Thereafter, the optical recording media were subjected to initial crystallization as In EXAMPLE A-1 . 
[0162] With respect to these optical recording nnedia, C/N ratios [ratio between noise (N) level and signal intensity 
(C: earner) which was measured by spectrum analyzer] after 1 0 time DOW (direct overwriting) of 3T under the same 
recording conditions as those of EXAMPLE A-1 , except that the recording linear velocity were set to 1 0m/s, 14nn/s, 
28m/s, and SSm/s, are shown In TABLE 3. 



10 



[TABLES] 



15 



C/N ratio(dB) after 10 time DOW of 3T 





Ga 


Sb 


lOm/s 


14m/s 


28m/s 


35 m/s 




(atm%) 


(atm%) 










20 


3 


97 


X 


X 


X 


X 




4 


96 


X 


A 


A . 


o 


25 


5 


95 


O 


© 


© 


© 




12 


88 


@ 




© 


@ 


30 


15 


85 


@ 


© 


© 


o 




20 


80 


© 


o 


A 


A 




25 


75 


A 


X 


X 


X 



35 



40 



©: SOdBormore 
0: 45dB or more 
A: 40dB or more 
X: less than 40dB 



45 



[0163] According to those results, the preferable composition ratio of the recording layer was found out to be ex- 
pressed In the following Fonmula (1 ); 



so 



GaaSbp 



Fonnula (1) 



55 



wherein "a" and "p" were each expressed In atm% and each satisfied the relations of "5 ^ a < 20," and "80 ^ p < 96." 
[01 64] When "a" and''^" each satisfied the above relations, it was possible to carry out recording even at a recording 
linear velocity of 1 0 m/s to 35m/s. However, in the case of Ga3Sb97, an amorphous phase was not formed, and further, 
in the case of Ga25Sb75, repetitive recording could not be carried out. In order to certainly obtain a stable system 
having C/N ratio of 45dB or more, the composition ratio of GaSb preferably satisfies relations of: "5 ^ a ^ 1 5," and "85 
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(EXAMt^Lc A«3; 

[0,651 opto, m^dla ware manu.«,u,,1 in «» ^ m»m»ras l» B«MPtE ■ ^'^"^^ 

aiaa for rLxUno w» wlaced «ttt. an alloy which was obBlnad by adding 5 ali.% of each »< A* '» 
?S^Rh88TT» aalle. the ODtioal recording iT»dla were subiecled to Initial crystanaalion as n EXAMPLE A-1 . 
m6$?^S-lLuf*toedCofthe opScal recordi^ 

S , E^:,lpS.r?^ a.cy to .^ich Ag or In was added, ^^J^^^'^^'Z^^^'Zt « 

r^llZ^'a'rglZL^^l'rerr-^'^Xta.oy^^^^^^ 

powto Obtain the saiJe degree of modulation was appoKltnalet, equal to IM ol us»g Gal2Sb88 alone, M a range 

SSd b, 2 atn«l Of N. a stabiiit, of amorphous marKwas hriprwad. a. ^.'^.t*' "T^sfalone However, . 



difficult. 

(EXAMPLE A-4) 



roi741 optical recording media were manufactured in the same manner as in EXAMPLE A-1 . ^^^^P^^^^J ^^^^^^^^^^ 
was 0.65 or more, and further stable system can be obtained. 
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[TABLE 4] 



10 



15 



Dependence of recording layer thickness 


Recording layer thiclcness (nm) 


C/N ratio (dB) 


Degree of modulation 


3 


43 


0.35(35%) 


5 


53 


0.605(60.5%) 


8 


54 


0.65(65%) 




56 


0.655(65.5%) 


15 


55 


0.67(67%) 


20 


50 


0,65(65%) 


25 


46 


0.6(60%) 


30 


30 


0.4(40%) 



20 



25 



30 



35 



(EXAMPLE A-5) 

[0175] The optical recording medium manufactured in EXAMPLE A-1, was rotated at a constant linear velocity of 
9m/s, and a laser beam having power density of ISmW/iim^ was Irradiated radially, while moving the laser beam at 
36^m/r, so as to carry out initial crystallization. 

[0176] Bonded portions of the optical recording medium were physically separated off, and then a surrounding pro- 
tective layer and a reflection layer were separated off with adhesive tape. Subsequently, a surface of the substrate on 
which the recording layer remained was soaked into an organic solvent, the recording layer was exfoliated from the 
substrate, and then It vyas subjected to filtering to obtain powder. Thus obtained powder was filled in a capillary, and 
powder X-ray diffraction measurement was conducted at wavelength of 0.41 9A (0.041 9nm), by using emitted light of 
the incident beam having a parallelism and extremely high luminance. 

[0177] The powder X-ray diffraction spectrum is shown in FIG. 9. Main peaks of the diffraction spectrum were 26 
=6.36**, 6.875**, 7.804'*, 10.737**, 11.334**. When surface distance of lattice planes con^esponding to each of these 
peaks was calculated by the following Bragg's equation, the values were d = 3.78, 3:49, 3.08, 2.24, 2.12, respectively. 
These peaks could be exponentially expressed by rhombohedral structure, which is similar to Sb structure. Thereafter, 
it was found out that the recording layer had a single layer structure; 

Bragg's equatk>n: 2dsin6 ~ nX, 



40 



45 



50 



55 



wherein "d" expresses Distance of lattice planes, "n" expresses Order of reflection, and "X" expresses X-ray wavelength) 
[01 78] in a state that the bonded portions of the optical recording medium same as above were physically separated 
off and the recording layer became the uppemnost surface of the optical recording medium, the optical recording medium 
was subjected to In-plane X-ray diff raction (a method for measuring a lattice plane being vertical to a substrate surface 
of the sample here). Details of this rneasurement method are described in The Rlgaku-Denki Journal 31 {^), 2000. 
Here, a schematic graph is shown in FIG. 1 0. 

[0179] X'pert MRD manufactured by Philips Co., Ltd., was used as the apparatus, and for the incident light source 
of X-ray, Ka ray of copper (wavelength X = 1.54A (0.154nm)) was used. X-ray was entered almost parallel to the 
substrate surface (angle of incident light: from 0.2'' to 0.5**), and the sample (optfcal recording medium) was rotated 
by 45**, having an axis "A" in FIG. 1 0 of the rotation in a portion P exposed to the X-ray, so as to measure X-ray diffraction 
spectrum. According to this measurement method of X-ray diffraction spectmm, since the X-ray is entered almost 
parallel to the substrate surface, it is possible to suppress a penetration depth of the X-ray within a few nanometers. 
Therefore, the crystal structure of the recording layer having a thin thickness can be accurately examined. Further, the 
sample was set so that X-ray was Irradiated to a 40mm vicinity of the radius of the sample (optcal recording medium), 
and then the X-ray was irradiated parallel to a direction of tracking of the optical recording medium. The angle of 
incidence of the X-ray was set to 0**, and the sample was rotated by 45°. having an axis "A" in FIG. 10 of the rotation 
in a portion P exposed to the X-ray, so as to measure X-ray diffraction spectrum. The results are shown in FIG. 11 . 
[0180] There is a relationship that pertinent peaks are intensified, when a polycrystalline film is oriented In a certain 
direction. The aforementioned powder X-ray diffraction was measured In a state that the orientation of crystal was 
removed by separating the sample off from the substrate and rendered into powder. By comparing the result of the 
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10 



15 



powder X-ray diffraction and the result of in-plane diffractior, (lr.p.ar,e X-ray d.ffract.on). the onemator, o. crysta can 

be more remarkably revealed. „^,„Hor y rav diffraction result at wavelength of A, = 1 .54A 

[01811 FIG. 12 shows a result obtained by converting he ^^'^^^!^^^^^ vicinrty of 29 = 29° of the 

0.154nm) is shown. Compahng this result w.h Son became weak, and 

powder X-ray dtffraction was most .ntensrfied where^^^^^^^^ 
furthertheappearednumberof peaks were reduced. This IS becauseof^^^^^^^ 

plane not satisfying the Bragg's diffraction <^-f--;^-^^^^^ ^'2e^^^^^ ^-tanc'e "d" of 2.12A 

respect to the track direction, the crystal was strongly onented to a lattice plane naving 

(0.212nm). wherein 29 = 42.6^ TmW/.im2 iSmW/um^ 25mW/uni2 40mW/^lm2, 

01821 Next, the power density was set to 3mW /on^. '1^'^^'^^^^ reflectance 
50mW/^im2and52mW/Hm2andastateafterinitializationatm^^^^ 

are shown in TABLE 5. The evaluation criteria were set as the following. 

" X (1)": there was no orientation of crystal 
"(7: there was a orientation of crystal 
■@ ": there was a strong orientation of crystal 
" X (2) separation of layer occurred. 



20 



25 



30 



35 



40 



45 



SO 



55 



Conditions of initialization 




Linear velocity (m/s) 


Power density (mW/jim^) 


State after initialization 


Reflectance (%) 


2 


3 


^) 


15 


3 


5 


O 


20 


5 


7 


0 


21 


6 


15 


® 


24 


10 


25 


® 


25 


14 


40 


® 


24.5 


18 


50 


O 


22 


19 


52 


X(2) 





[01831 W.hin a range of the linear velocity of 3m/s to 18m/s and POW« - '^^ poX: ' 'ns^ w^s 
Lntition of crystal appeared. In particular, when £as obtained The 

from 15 mW/pm^ to 40mW/^m2 strong ^^^^^JT^P^^^;^^ 

• chnuun in PIft 13V 



the amorphous mark was good (as shown in FIG. 13)^ ^^^^ dispersion occurs. 

[01 841 The jitter value refers to a ^'^^^^^'^^^^ ^^Ig to acceleration test that when crystal- 

and thus indicates an excellent recordmg was ^^"'f^^ .^^^^ worse. When the result of the 

lization starts from edge of the amorphous martc. ^''^ J^f and thus a sufficient 

acceleration test is estimated in a room temperatu^. ttje ''f "'^^'^ initialization con- 

lifetime of the optical recording medium is secured Therefore, .t ht^ been ^-J'^J^ ^ ^^^^ linear 

ditlons are suitable for obtaining an optical recording medium capable of high speed recoraing 

. . ^^^^ tha nrocont invention. 



anions are suuauw iw* www*......;, -i - 

to th»o optical recorilng media, with a same p-o«ss as ''^^^■^Jl^', sb. A siimmav of »» 
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expressed by cubic structure. Sb88Te12. Ga12Sb88 and Ge16.7Sb83.3 couid be exponentially expressed by hexag- 
onal structure, which was similar to Sb structure. 

[0187] In order to compare the crystal structure of the materials, all of the materials were subject to calculation to 
obtain lattice constant "a (A)/(nm)" and lattice constant "c (A)/(nm)," where the unit lattice of hexagonal structure (shown 

s in FIG. 1 7) was considered to be a standard, and crystallization temperature To ("C) obtained by themnal analysis are 
shown in TABLE 6. When c/a ratio is 2,45, it is equivalent to cubic structure. As for the crystallization temperature, a 
single film as a recording layer was fonned on a glass, temperature of the film In amorphous phase was raised by 
differential scanning calorimeter, at lO^'C/minute and when crystallization started, the temperature at which the crys- 
tallization started was taken to be crystallization temperature. It is possible to say that the higher the crystallization 

^0 temperature is, the more stable the amorphous phase is and also the more difficult crystallization is. 



[TABLE 6] 



15 



25 



Lattice constant 


Composition Ratio 


a(A)/(nm) 


c(A)/(nm) 


c/a 


Tc(°C) 


Ag2ln5Sb6BTe25 


4.339/0.4339 


11.006/1.1006 


2.537 


179.5 


Sb78Te22 


4.402/0.4402 


10.766/1.0766 


2.445 


120.5 


Sb88Te12 


4.327/04327 


11.116/1.1116 


2.576 


79.5 


Sb 


4.300/0.4300 


11.273/1.1273 


2.622 




Ga12Sb88 


4.240/0.4240 


11.307/1.1307 


2.667 


194.5 


Ge16.7Sb83.3 


4.185/0.4185 


11.320/1.1320 


2.705 


255.5 


ln31.7Sb58.3 


4.323/0.4323 


10.618/1.0618 


2.456 


114.1 



[0188] Ag21n5Sb68Te25 was a material obtained by adding Ag and In as additive elements to the parent phase 
material, SbTe. It is known that by increasing the amount of Sb of the parent material SbTe, the speed for crystallizing 
material is accelerated. However, there is a defect that In the material containing increased amount of Sb, amorphous 

30 phase is crystallized even under a low temperature. Therefore, recording at 1 8m/s, 5 x DVD speed, is assumed to be 
upper limit. Comparing to the low crystallization temperature of SbTe, such as 120.5*'C, 79.5°C, GaSb and GeSb 
respectively has high temperature such as 194.5°C and 255.5''C. Therefore, it has been found that the amorphous 
phase Is hardly crystallized and archival stability of amorphous mari( is good. These phenomena can be explained 
from a material stmcture. It can be considered that all of the materials which were subjected to powder X-ray diffraction 

35 measurement in the EXAMPLES were material that something was added to Sb. In the case of Sb alone, crystallization 
speed Is high, but stability of amorphous phase Is not good such as causing crystallization even at a room temperature. 
Therefore, it cannot be used as a material of the optical recording medium of the present invention. Then, It is con- 
ceivable that in order to enhance the stability of amorphous phase, bonding power is enforced by adding elements 
other than Sb. 

40 [0189] Relations between lattice constant a, and crystallization temperature is shown in FIG. 1 5. A material having 
a small lattice constant "a," is strong in covalent bonding force. Since In order to themrially crystallize the amorphous 
phase, large energy is required to cut the covalent bonding and recompose a network. Therefore, it is conceivable that 
crystallization temperature Is relatively high. (SAMPLE EXAMPLE A-1 ) 

[0190] The optical receding medium obtained In EXAMPLE A-l was rotated at a constant linear velocity of 2 m/s, 
45 and a laser beam having power density of 4.5mW/jijn2 was irradiated radially, while moving at 36^m/r, so as to carry 
out initial crystallization. 

[0191] In a state that the bonded portions of the optical recording medium were physically separated off and the 
recording layer became the uppermost surface, the in-plane diffraction (in-plane X-ray diffraction) was conducted as 
the case of EXAMPLE A-5, Namely, X-ray was entered almost parallel to the substrate surface (angle of incidence: 
50 from 0.2** to 0S*»), and the sample (optical recording medium) was rotated by 45**, so as to measure X-ray diffraction 
spectrum. FIG. 17 shows a result of measurement 

where the angle of incidence of X-ray in parallel to a direction of tracking was set to 0**, and the sample was rotated 
by45'» to 13S«. 

[0192] By use of the recording and reproducing apparatus as used in EXAMPLE A-1, the above optical recording 
55 medium on which initial crystallization had been carried out was subjected to recording under same conditions as those 
of EXAMPLE A-1 . As a result, reflectance and degree of modulation were, compared to EXAMPLE A-1 , low, 17% and 
0.55 (55%). respectively. This is because this material has small orientation and is. compared to EXAMPLE A-1 . poor 
in crystallization, resulting in low reflectance and low degree of modulation. 
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(EXAMPLE A-6) 

101931 AS to the optical recording medium manufactured in the same manner as in EXAMPLE ^-1 • a recordingt^t 
''ThlTfeTS ^ DOW (dl^cove^ntng) o, single ma*s 0. .T. eT, 8T. and 14T ra^^c- 

(EXAMPLE A-7) 

those results were obtained by '^"^^^^^ ^^^^ ^ge to obtain excellent C/N ratio satisfied 

[01991 At a recording linear velocity of 10m/s,rt Pe/Kw IS cnangea. ui^iai y ^ ^ ^ fVN ratio could 

of 0 10 < Pe/Pw < 0.25. In particular, if it satisfied a relation of around 013 <. ^^^^^^'^•'^ p^, 
5o2b anS it is possible to appV each recording linear velocity within the range ToV<P^ 
Pw to Slain an excellent reconling property, when the recording linear velocrty « 10 m/s to 35 m/s. « 0.10 ^ Peff^ 

SS^rA^ingtoapreferable aspect ofthe present invention.it ispossibletoprov^ 

^^^^ 

Sm hSng a Opacity equivalent to that of DVD-ROM. and high-speed record.ng can be earned out thereto even 
Sing^d^m having a capacity equivalent to that of DVD-ROM, on which h-gh-speed record.ng can be earned 

iS^rA^ri^ngtanotherp.^^^^^^ 

process where a high C/N ratio is enabled at the recording linear velocrty of 10m/s or more. 
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(EXAMPLE B-1) 

[0209] On a 0.6mm thick a polycarbonate substrate which has a meandering groove of pitch size 074\xm, meandering 
amount of 35 nm and groove width of 0.25M.m, a 65nm to 85nm thick first dielectric layer (first protective layer) using 

5 ZnS SlOg mixing target (SiOg 20 mol%), a 15nm to 20 nm thick recording layer which contains GaO.1 SbO.9, a 12 nm 
thick second dielectric layer using the same materials as those of the first dielectric layer, a 2nm to 8nm thick third 
dielectric layer using SIC target, and a 80nm to 150nm thick reflection layer using Ag target, were disposed in this 
order by sputtering method. An ultraviolet setting resin layer (overcoat layer) was disposed on the reflection layer by 
spin coating. Thereafter, a 0.6mm thick second polycarbonate substrate was disposed onto the reflection layer, using 

10 the ultraviolet setting resin. Subsequently, the layers were annealed (initialized) with a laser diode beam under a power 
condition of 1 30W sec/disk. Accordlngfy, the recording material, which had been amorphous just after sputtering, was 
crystallized and an optical recording medium was thus manufactured (In the EXAMPLE B-1 , the second protective 
layer had double layered structure which included the second dielectric layer and the third dielectric layer). 
[0210] The followings are film (layer)-forming conditions by the sputtering device for each of the layers. 

15 





Input power; 


Ar gas pressure (air pressure in filnn-fomning chamber) 


First and second dielectric layers: 


3kW 


2mTon^ 


Recording layer; 


1kW 


2mTorr 


Third dielectric layer: 


1kW 


2mTorr 


Reflection layer 


5kW 


2mTorr 



[0211] A thickness of the first dielectric layer was prepared so as to have a similar reflectance, Rg. Onto the thus 
obtained optical recording medium, recording was carried at various recording linear velocity, and a degree of modu- 
2s lation was measured, using a recording system with a laser beam having wavelength of 650nm to 665nm, lens NA of 
0.65, so as to have a recording density equivalent to that of DVD. It was found out that a recordable range of linear 
velocity was as wide as 6 m/s to 40 nn/s. 

[0212] It was also confimrted that recording could be earned out, when a degree of modulation (M) between the 
reflectance at unrecorded space part, "Rg," and the reflectance at recording marie (recorded portion), "Rb," was 4.0 or 
30 more. 

[021 3] Change in jitter properties In accordance with a recording linear velocity was measured. Here, the change in 
jitter properties was expressed by o/Tw (%),which is a distribution of marie edge relative to a channel cycle, Tw." 
[0214] The results of the measurement are shown In FIG. 21. When the jitter value of 10% or less is defined as a 
sufficient recording linear velocity, as can be understood from the results of the measurement, it was found out that 
35 sufficient jitter value could be obtained at a recording linear velocity similar to the one obtained by the degree of mod- 
ulation (l\^). 

[0215] The results of measuring the jitter value after 10 time overwriting, a degree of modulation (M), a reflectance 
at an unrecorded space part, "Rg (%)," and a reflectance at a recorded mark, "Rb (%)." at a recording linear velocity 
of ISm/s, 25m/s, and 35m/s, are shown in TABLE 7. 

40 : 

(EXAMPLE B-2) 

[0216] An optical recording medium was manufactured in the same manner as described in EXAMPLE B-1 . except 
that the recording layer material was replaced by Ge0.03 (Ga0.1 Sb0.9)Sb0.97, In which a content of Ge was 3atm%, 
45 a content of Ga was 1 0atm%, a content of Sb was 97atm% In the recording layer 

[0217] Recording in the optical recording medium was carried out by the same system as used in EXAMPLE B-1 . It 
was found out that the range of the recording linear velocity with whteh recording could be carried out, was as wide as 
4m/s to 37m/s. 

[021 8] Change in jitter properties In accordance with a recording linear velocity was measured in the same way as 
so in EXAMPLE B-1. The results of the measurement are shown in FIG. 21. 

[0219] The results of measuring the jitter value after 10 time overwriting, a degree of modulation (M), a reflectance 
at an unrecorded space part. "Rg (%)," and a reflectance at a recorded mark, "Rb (%)," at a recording linear velocity 
of 15ni/s, 25m/s, and 35m/s, are shown in TABLE 7. 

[0220] Furthermore, a archival stability test was conducted with the optical recording medium manufactured in EX- 
55 AMPLE B-2, under a condition of high temperature of 80^*0 and high humidity of 85%, along with the optical recording 
medium manufactured in EXAMPLE B-1 . The result showed increase of jitter property of recording mark, as the fol- 
lowing. As for the optjcal recording medium of EXAMPLE B-1 , increase rate was 5% after a lapse of 300 hours, whereas 
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: . —^r- .. *cvA»/iDi CR9 thoiiv>rpase rate wasi % or less. It was hence loiincouitiat 

as for the optical recording medium of EXAMPLE B-2, the increase raxe was. 

addition of Ge was effective for enhancing the archival stability. „ » ^« „nt effective and that the 

[02211 It was also found out that If the addition amount of Ge was 1 % or more it was not effective, and that tne 
recordable range of linear velocity was narrowed as the addition an^unt increased 

[02221 It depends on the target range of linear velocity, however, the addition amount of Ge is preferably O.l or 
in atomic ratio . and more preferably 0.07 or less in atomic ratio. 

(EXAMPLE M) 

[02231 An optical recording medium was manufactured in the same manner as described in EXAMPLE B-1 . except 
thatthe recording layermaterialwas replaced by Ge0.03ln0.05(Ga0.1Sb0.9)0.92. .. ^^^.p, po-i it 

[0^41 Recordrng in the optical recording medium was carried out by the same system as used .n EXAMPLE B-1 . 
was found out that the range of the recording linear velocity was as f^^^^ ,t was also 

r02251 It was found that addition of In was effective for enhancing a range of the "^^f ''"^f '^^^ 
KJSUrLddition Of Mn or Al instead Of in was also effecth^e to obta^^^^ 

r02261 It depends on the target range of linear velocity, however, the addition amount o In Mn or A^^® Preteraov 

Sle^sl?Slcratio.andmorepreferab^0.lorlesslnatomfcrat.^^ 

0 in Mn or Al causes crystallization even with a low power laser beam upon repetitive reproducing 

?0^ Change in jitter properties in accordance with a recording linear velocity was measured in the same way as 

SSSmPLE B-1 ?he results of the measurement are shown in FIG. 21 . Itwas conflmied thatthe range of the recording 

nLTve::^"ja::^^^^^^^^ 

overvriting a degree of modulation (M). a reflectance at an unrecorded space part. Rg( /o). and a reflectance ai a 
r^^Sark. -Rb (%)." at a recording linear velocity of 15m/s. 25m/8. and 35m/8. are shown in TABLE 7. 

(EXAMPLES^) 

r02281 An optical recording medium was manufactured in the same manner as described in EXAMPLE B-1 . except 
thatthe recording layer material was replaced by Ge0.03Ag0.02(6a0.1Sb0.9)0.95. 

[SS>9] ^rd?ng i the optical recording medium was canied out by the same syste^ as used in EXAMPLE B-1 . It 
was found out that the range of the recording linear velocity was as wide as 4m/s to 35m/s. 
TcSirrequlvalent degree of modulation to that of EXAMPLE B-2 was obtained even with around 10% smaller 

It iTl'oTound out that addition of Cu. Au. or N instead of Ag was also effective to obtain the equivalent 

Sf'ftS^enl'^mheta.getrangeo^ 

S lessTSc ratio, and more preferably 0 

Of Aa Cu Au or N causes a narrower range of recording linear velocity. 

?i^l Ch^ge in jitter properties in accordance with a recording linear velocity was measured in the same way as 

cvAUPi P R-1 The results of the nneasurement are shown in FIG. 21. 
!S,eZL Of me^uri^^^^^^ after 10 time ovenvritlng. a degree of modulation (M). a refl« at^^ 

IHre^^^Sld spa^e part. "Rg (%)." and a reflectance at a recorded marie, "Rb (%)." at a recording linear velocity of 15m/ 
s, 25m/s, and 35m/s. are shown in TABLE 7. 

(EXAMPLES^) 

102341 An ootical recording medium having the same recording material as in EXAMPLE B-1 . was manufactured In 
ESe^ie r,!^?is^riber^ EXAMPlI B-1 . except that the thickness of the first dielectric layer (first protectee 

S^^T^r^^s'urof me^^^^^ after 1 0 «me ove^ritlng. a degree of modula«on (M). a reflectance 

SnrSordTd space^^^^^^ -Rg (%) and a reflectance at a recorded mari<. "Rb (%)." at a recording linear velocity 
onsl Sm^s. and SsSi/s are shown In TABLE 7. Here, the thfekness of the recording ayer was 16nm^ 
?01^ -STe lationship among the first dielectric layer, a reflectance, and a degree of modulat^n at a recording 
SvelIX7^nls(Lelengthofthela^ 



'rS It was found out from the measurement that an excessively high reflectance deteriorates a 
S It waTlo found out that a reflectance and a degree of modulation could be adjusted by a *ickn^ of ^^^^^^^^ 
rirrric laver In the EXAh/IPLE BS, the degree of modulation became 0.4 or more, when the reflectance was 30 A 
or trHTtie^ef ^2^^^^ wiihin ^Z which was recordable. The thiclcness of the fiist dielectric layer was 
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around 107nm (0.1 62A.). When the thickness of the first dielectric layer was 120nm. the reflectance was more than 
30%, and the degree of modulation (M) was less than 0.4. 

[0238] On the other hand, when the thickness of the first dielectric layer was 60nm, the reflectance was as low as 
around 16%. However, in the condition of the thickness of the first dielectric layer and the reflectance, the results 
s produced a large value for the degree of modulation and good jitter values. 

(EXAMPLE B-6) 

[0239] An optical recording medium was manufactured in the same manner as described in EXAMPLE B-1 , except 
10 that the thickness of the first dielectric layer (first protective layer) was changed to 60nm. A reflectance and a jitter 
value were measured at a recording linear velocity of 35m/s (wavelength of the laser beam was 660nm), in which a 
thickness of the recording layer of the optical recording medium manufactured in EXAMPLE was changed. The 
results are shown in FIGs. 23 and 24. . 

[0240] As the results show, it was found out that an excessively low reflectance deteriorated jitter properties. It was 
15 also found out that decrease In the reflectance and deterioration of the jitter properties were related to the thickness 
of the recording layer, and that an excessively thin recording layer caused decrease in reflectance and deterioration 
of the jitter properties. Forthe recording material of the EXAMPLE B-6, the thickness of the recording layerwas required 
to be around lOnm (0.01 5X) or more In order to obtain a sufficient reflectance (reflectance of 12% or more). The 
thickness of the recording layer of 12nm (0.01 Bk) or more contributed to good jitter properties. 
20 [0241] The results of measuring the jitter value after 10 time overwriting, a degree of modulation (M), a reflectance 
at an unrecorded space part, "Rg (%)," and a reflectance at a recorded mark, "Rb (%)," at a recording linear velocity 
of 15m/s, 25m/s, and 35m/s, are shown in TABLE 7. Here, the thickness of the recording layer was 7nm. With the 
condition provided here, recording could not be can-led out, from viewpoints of the degree of modulation (M) and jitter 
value. In the following TABLE 7, "PL" expresses a thickness of the recording layer. 
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[0242] According to present Invention, It is possible to achieve an optical recording nnedium prepared for a wide 
recording speed range from 1 x to 1 0 x or more for DVD recording. As a result, it enables a short time recording when 
a user Inputs contents. Further, in a certain system, It is possible to carry out recording during a real-time reproducing. 
. Therefore, it may enhance the convenience of a recording system. 
s [0243] According to an aspect of the present Invention where the recording layer further comprises at least one 
element such as Ge or the like, a degree of modulation and archival stability of a recording mark are further improved, 
which requires an optical recording medium to employ only small amount of recording power. 
[0244] The following EXAMPLES C-1 to C-11, COMPARATIVE EXAMPLES C-1 to C-2 describes a case where a 
laser beam having short wavelength was used as the laser beam for recording. 

10 

(EXAMPLES C-1 to C-11, COMPARATIVE EXAMPLES C-1 to C-2) 

[0245] On a 0.6mm thick polycarbonate substrate having a diameter of 12 cm. which has In-egularlty for a tracking 
guide formed of continuous groove on a surface thereof, 100nm thick ZnS SiOg (20 mol%) having as a first protective 

15 layer, a 1 2nm thick recording layer using a composition target as shown in TABLE 8 and TABLE 9, 20nm thick ZnS SIO2 
(20 mol%) as a second protective layer, and a 140nm thick Ag-Pd (1 atm%)-Cu (1 atm%) as a reflection layer, were 
sequentially disposed. A sputtering method in Ar gas atmosphere was employed for fonning these layers. 
[0246] On the reflection layer, an overcoat layer was provided utilizing a spin coater, and an optical recording medium 
was manufactured. Subsequently, using an initialization apparatus having a semiconductor laser of large diameter, the 

20 recording layer of the optical recording medium was subjected to Initialization. 

[0247] Recording was carried out under the following condition for each of the thus manufactured optical recording 
media. Upon recording, under a condition of linear density of 0.1 Bum/bit, jitter value and a degree of modulation (M), 
and jitter value and a degree of modulation (M) after 1 ,000 times recording were measured. The results are shown in 
TABLE 8 and TABLE 9. 

25 

<Recording condition> 
[0248] 

30 . Wavelength Of a laser beam 407nm 
Numerical aperture NA 0.65 
Linear velocity 5.7m/s, 17.1m/s, and 34.2m/s 
• Tracking pitch 0.40nm 

35 



[TABLE 8] 



Recording experiment of an optical recording medium 




Recording 

layer 
composition 
(atm%) 


Linear 
velocity (m/s) 


Jitter value (%) after 
overwriting 


Degree of modulation after 
ovenwriting 


1 time 


1 ,000 times 


1 time 


1,000 times 


Ex. C-1 


Ga12Sb88 


5.7 


6.8 


7.0 


0.69(69%) 


0.68(68%) 


17.1 


6.9 


7.1 


0.67(67%) 


0.67(67%) 


34.2 


7.0 


7.4 


0.66(66%) 


0.65(65%) 


Ex. C-2 


Ga5Sb95 


5.7 


7.2 


7.8 


0.68(68%) 


0.69(69%) 


17.1 


7.5 


7.8 


0.68(68%) 


0.68(68%) 


34.2 


7.6 


7.9 


0.64(64%) 


0.65(65%) 


Ex. C-3 


Ga20Sb80 


5.7 


7.3 


7.5 


0.68(68%) 


0.67(67%) 


17.1 


7.4 


7.6 


0.65(65%) 


0.65(65%) 


34.2 


7.6 


7.9 


0.65(65%) 


0.65(65%) 
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[TABLE 81 (continued) 
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Recording experiment of an optical recording medium 





Recording 

layer 
COmposiiion 

(atm%) 


Linear 
velocity (m/s) 


Jitter value (%) after 
overwriting 


Degree of modulation after 
overwnung 




1 time 


1,000 times 


1 time 


1 ,000 times 


Ex. C-4 


Ca11Sb84Ge5 


5.7 


6.7 


6.8 


0.7(70%) 


0.69(69%) 


17.1 


6.8 


7.0 


0,7(70%) 


0.7(70%) 


34.2 


7.0 


7.4 


0.69(69%) 


0.68(68%) 


Ex. C-5 


Ga12Sb85ln3 


5.7 


7.1 


7.4 


0.65(65%) 


0.65(65%) 


17.1 


7.2 


7.5 


0.65(65%) 


U.Ow^OD /Of 


34.2 


7.5 


7.9 


0.63(63%) 


0.63(63%) 


Ex. C-6 


Ga12Sb85Zn3 


5.7 


7.2 


7.5 


0.69(69%) 


0.69(69%) 


17.1 


7.4 


7.8 


0.69(69%) 


0.7(70%) 


342 


7.6 


7.9 


0.67(67%) 


0.68(68%) 
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FABLE 9] 






Ex. C-7 




5.7 


7.3 


7.5 


0.66(00%; 


U.D/\D/ /Of 






17 1 

1 /.I 


7 S 


7.6 


n f%ffi5%) 


0.65(65%) 








7 7 


8.0 


0.65 (oovo) 


ft ^5ft^fifiOi^v^ 

U.DO^OO /Of 


Ex. U-o 


Gal 0Sb83Ge3Cu4 


5.7 


7.1 


7.3 


0.71 (7 1 yo) 


\J,f\f\J /O) 






17.1 


7.2 


7.5 


0 7(70%) 


0.7(70%) 






34.2 


7.5 


7.8 


0.68(68%) 


0.67(67%) 


Ex. C-9 


Ga10SbB3ln3N4 


5.7 


7.3 


7.4 


0.65(65%) 


0.64(64%) 






17.1 


7.5 


7.7 


0.65(65%) 


0.65(65%) 






34.2 


7.7 


7.8 


0.63(63%) 


0.64(64%) 


Ex. C-10 


Ga6Sb80Mn7Ag7 


5.7 


11.1 


15.4 


0.67(67%) 


0.66(66%) 






17.1 


11.2 


16.2 


0.65(65%) 


0.61(61%) 






342 


12.0 


16.8 


0.52(62%) 


0.48(48%) 


Ex. C-11 


Ga9Sb80Ge3Ag8 


5.7 


9.8 


11.0 


0.64(64%) 


0.63(63%) 






17.1 


9.9 


11.8 


0.63(63%) 


0.63(63%) 






34.2 


9.9 


12.3 


0.6(60%) 


0.62(62%) 


Comp. Ex. C-1 


Ga50Sb50 


5.7 


15.2 


18.2 


0.38(38%) 


0.35(35%) 




17.1 


16.0 


19.0 


0.34(34%) 


0.34(34%) 






34.2 


17.1 


19.0 


0.3(30%) 


029(29%) 


Comp. Ex. C-2 


Ga22Sb78 


5.7 


12.5 


15.6 


0.57(57%) 


0,58(58%) 




17.1 


12.7 


16.7 


0.55(55%) 


0,56(66%) 






34.2 


13.0 


17.9 


0.54(54%) 


0.55(55%) 



109491 As indicated in TABLE 8 and TABLE 9, it was found out tiiat the optical recording medium awarding to the 
SlkS-1 tolVofXresentinventi^^ 
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overwriting property, even at a high linear velocity. In addition, even when thickness of each of the layers was changed 
within a range of: 

^ 0.070X <ti s 0.5X 

0.016X^t2^0.05>, 
0.01U^t3^ 0.055X 
0.10X^t4; 

15 

wherein "t^" expresses the thickness of the first protecth/e layer, \' expresses the thickness of the recording layer, 
"t3" expresses the thickness of the second protective layer, and "t/ expresses the thickness of the reflection layer, the 
. optical recording medium still attained the jitter value and the degree of modulation. 

[0250] On the other hand, the optlcai recording media of COMPARATIVE EXAMPLES C-1 and C-2, where the re- 
20 cording layer comprised Ga and Sb, and a content of Sb is 80atm% to 95atm% relative to a total content of Sb, did 
not show a sufficient degree of modulation, or showed a result that jitter value was large although having a sufficient 
degree of modulation. Furthemnore, thie optical recording media of EXAMPLES G-10 and C-11, where less than 90% 
of Ga and Sb was contained in the recording layer, showed deteriorated results, compared to the optical recording 
media of EXAMPLES C-1 to C-9. where 90% or more of Ga and Sb were contained in the recording layer. 
25 [0251] Furthermore, apart from the above EXAMPLES, it was found out that excellent properties such as improvement 
of archival stability and recording sensitivity were obtained, by adding at least one selected from Au, B, A!, Si, Sn, Pb, 
Bi, La, Ce, Gd, and Tb to the recording layer. 

(EXAMPLE C-1 0) 

30 

[0252] On a 1 .1mm thick polycarbonate substrate having a diameter of 12 cm, whbh had irregularity for a tracking 
guide fomned of continuous groove on a surface thereof, a 120nm thick Ag-Pd (1 atm%)-Cu (1 atm%) as a reflection 
layer, 15nm thick ZnS SiOa (20 mol%) as a second protective layer, 12nm thick Ga11Sb84Ge5 as a recording layer, 
and 1 0Onm thick ZnS SiOg (20 mol%) having as a first protective layer, were sequentially disposed. A sputtering method 

35 in Ar gas atmosphere was employed for disposing these layers. 

[0253] On the first protective layer, a 50\vm thick polycarbonate film was laminated, via a SO^m thtok adhesive sheet, 
thus forming a 0.1mm thick light transmittance layer, and an optical recording medium was manufactured. Subsequent- 
ly, by an initialization apparatus having a semiconductor laser of large diameter, the recording layer of the optical 
recording medium was subjected to initialization. 

40 [0254] Recording was carried out under a condition shown in the following as to thus manufactured optical recording 
medium. 

<Recording conditlon> 
45 [0255] 

Wavelength of laser beam 407nm 
Numerical aperture NA 0.85 
Linear velocity 5.7m/s, 1 7.1 nVs, 34.2m/s 
so . Tracking pitch 0.32^m 

[0256] Recording was carried out under the following condition as to each manufactured optical recording medium. 
Upon recording, under a condition of linear density of 0.1 3^m/bit, jitter value and a degree of modulation (M), and jitter 
value and a degree of modulation (M) after 1000 time recording was measured. It was found out that jitter value and 
55 degree of modulation (M) were excellent and the optical recording medium had excellent ovenwriting property, within 
a linear velocity of 5.7 nn/s to 34.2m/s. In addition, even when thicknesses of each layer was changed within a limitation 
of the present invention, the above properties were obtained. 
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(EXAMPLE C-11) 

[0257] On a 0.6mm thick polycarbonate substrate having a diameter of 12 cm whfch '^^^'-I^^f.^^'*^^^^^^^^ 
gSomied of continuous groove having a pitch of 0.4^m on a surface thereof ^^^"^J^^f^f.^^ °fi^^^^ 

guSe fomied of continuous groove of prtch 0.^, was fomied. The thiclcness of the transparent '^V^ 
?h:transparent.ayer.a40nmth.RZnSJK),(^^^^^^ 

roSsToiTsSr^^^^^^^ 



20 



medium. 
<Recording condrtion> 
[0261] 

25 . Wavelength of laser beam 407nm 
Numerical aperture NA 0.65 
Linear velocity 1 7.1 m/s 



102621 Uponrecording.underaconditionofnneardens«yof0.18^mA,itJlttervalueandadegreeofmodulation(M). 

' s^nfddri^irreZ^^^^^^ 

KU^cSCer^ req^^^^^ to be 40% or more in order to conduct recording and reproducng ,n the second 

«, Ssf i, ^pfw" J pickup appa^M 1»*9 > high nu«rt»l «»*.r. (NA). -n*™.™, «co,»n, «* . 

She present invention, where the recording layer of an optical recording medium contains Ga. Sb, R. and Rh. 
45 (EXAIWIPLES D-1 to D-10, COMPARATIVE EXAMPLES D-1 to D-4) 

r02671 in orderto manufacture an optical recording medium having a composition as shown inTABLE 10. on a 0^6mm 

tenngmethod. ^"^ ^f^^^^ Ji^^, recording medium subjected to initial ciystalUzation. signal property 

items were detemiined as follows: recording linear velocity and recording power were 3.5m/s (1 OmW), 1 0 6mW) 
« Srf?6n;wr7nd 35m/s (36mW). respectiveV- Wavelength of recording laser beam was 650nm. overwntng was 
55 25m/s (26mW0. and 35p^s^^^^^^^ Evaluation of reproduced signal property was con- 

sCafirriatd^ 
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medium, which had been overwritten for 1 000 times and maintained for 300 hours under the temperature of 80^*0 and 
humidity of 85RH%. The result is shown in the following TABLE 1 1 . TABLE 1 2, and TABLE 1 3. 
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[0268] As for initial crystallization, in EXAMPLES D-1 to D-10, and in COMPARATIVE EXAMPLE D-4, a semicon- 
ductor laser with 700 nnW output was used. In COMPARATIVE EXAMPLE D-1 . a semiconductor laser with 1 000 mW 
output was used. 
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[0269] As apparently shown in TABLE 11, TABLE 12, and TABLE 13, it was found out that the optical recording 
medium of the present invention enables overwriting even within a wide range of linear velocity of 3.5m/s. 1 5 m/s (16 
mW), 25m/s (26 mW). and 35nn/s (36 mW). and in particular, at the linear velocity over 25nn/s, which was considered 
to be difficult for overwriting in the related art. In addition, jitter value and degree of modulation of reproduced signal 
were excellent, archival stability and a repetition property in overwriting were also excellent On the contrary, as for the 
optical recording medium of COMPARATIVE EXAMPLE D-1 using eutectic compositions one of GaSOSbSO. ovenvriting 
at a high linear velocity could be cam'ed out, but had a poor jitter value, a poor degree of modulation, archival stability 
and repetition property in overwriting, and also initial crystallization was not easily carried out, comparing to the EX- 
AMPLES. In addition, as for the material of Ag-lnrSb-Te In COMPARATIVE EXAMPLE D-2, overwriting at linear velocity 
of 25nri/s and 35m/s could not be carried out. 

[0270] According to an aspect of the present invention where the recording layer comprises Ga, Sb, Bi, and Rh, it 
is possible to provide an optical recording medium having a capacity equivalent to that of DVD-ROM, having a sufficient 
degree of modulation even at a wide range of recording linear velocity of 3.0 m/s to 35 m/s, excellent In repetition 
property in overwriting and superior in archival stability. Therefore, the present Invention largely contributes to progress 
in a filed of optical recording. 

[0271] The following EXAMPLES E-1 to E-6, and COMPARATIVE EXAMPLES E-1 and E-2 indicate an aspect of the 
present Invention where the recording layer comprised Ga, Sb, Zr, and Mg. 

(EXAMPLE E-1) 

[0272] As shown in FIG. 2, on a 0.6mm thick polycarbonate substrate having track pitch of 0.7pjn, groove depth of 
400A (40nm), diameter of 120mm. a first protective layer 2(thickness: 750A (75nm)) comprising (ZnS)eo(Si02)2o 
(mol%), a recording layer (thickness :1 50A (15nm)) comprising Gal 0Sb88Zr1 Mgl , a second protective layer 4 (thick- 
ness: 300A (30nm)) comprising (ZnS)QQ(SiO2)20 (mol%) and a reflection layer 5(thlckness: 950A (95nm)) comprising 
Ag alloy, were sequentially disposed by a sputtering method. On the reflection layer 5, an surrounding protective layer 
6(thickness: around 6 nm) comprising an acrylic resin was formed by a spin coating method, whereby a optical recording 
medium for evaluation having a layer structure as shown In FIG. 2 was manufactured. 
[0273] TABLE 1 4 shows composition ratio of the material and thickness of each of the layers. 

(EXAMPLES E-2 to E-6) 

[0274] A optical recording medium for evaluation for use in the EXAMPLES E-2 to E-6 was manufactured in the 
same manner as In EXAMPLE E-1 . except that Ga10Sb88Zr1 Mgl . used as material for the recording layer, was re- 
placed by the following materials: 

- Ga9Sb88Zr1Mg1AI1 (EXAMPLE E-2) 
. Ga9Sb87Zri Mgl Sn2 (EXAMPLE E-3) 
. Ga10Sb87Zr1 Mgl Sel (EXAMPLE E4) 
• Ga9Sb87Zr1 Mg2N1 (EXAMPLE E-5) 
. Ga10Sb87Zr1 Mgl CI (EXAMPLE E-6) 

[0275] TABLE 14 shows, in summary, composition ratio of the material and thickness of each of the layers in EX- 
AMPLES E-2 to E-6. 
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(COMPARATIVE EXAMPLES E-1 and E-2) 

[0276] An optical recording media for evaluation for use in the COMPARATIVE EXAMPLES E-1 and E-2 were man- 
ufactured in the same manner as described in EXAMPLE E-1 . except that the composition ratio of the material In the 
5 recording layer and thicknesses were changed as shown in TABLE 15. It should be noted that as shown in TABLE 1 5, 
the thicknesses of the recording layer, the second protective layer and reflection layer vary among the COMPARATIVE 
EXAMPLES. 
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[0277] The recording layer of the optical recording media manufactured in the EXAMPLES E-1 to E-6 and COM- 
PARATIVE EXAMPLES E-1 and E-2 was annorphous, and for evaluation, the optical recording media was subjected 
to Initial crystallization (initialization) and rendered in unrecorded state. Here, in the EXAMPLES E-1 to E-6 and COM- 
PARATIVE EXAMPLES E-1 and E-3, high output semiconductor laser was used, and initialization was canried out at 
5 700mW output However, as to the COMPARATIVE EXAMPLE E-1 . initialization failed with the 700mW output laser, 
and thus it was carried out at the condition of 1100 mW output. 

[0278] After initialisation, a reproduced signal property and storage property of each evaluation-purpose optical re- 
cording medium (recording medium) were evaluated. 

[0279] The evaluation was canied out by setting the recording linear velocity and recording power (in parenthesis), 
10 3.5m/s (lOmW), 15m/s (16mW), 26m/s (26mW), and 35m/s (36mW), respectively. Wavelength of a recording laser 

beam was 650nm, ovenivrfting was repeated in EFM (Eight to Fourteen Modulation, 8-14 modulation) random pattern. 

Evaluation of reproduced signal property was conducted with a jitter value of 3T signal and a degree of modulation of 

14T signal. A storage property was evaluated by 3T signal jitter value and 14T signal degree of modulation at the 

1000th time of overwriting, as to the optical recording medium, which had been overwritten for 10OO times and maln- 
is tained for 300 hours at the temperature of BO'^C and humidity of 85%. 

[0280] The results of evaluation of the EXAMPLES E-1 to E-6 and COMPARATIVE EXAMPLES E-1 and E-2 are 

shown In the following TABLE 1 6 and TABLE 1 7. 
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Claims 

1 . An optical recording medium characterized in that the optical recording medium includes: 
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a substrate; and 

a recording layer disposed on the substrate, 

wherein the recording layer contains Ga and Sb. a content of the Sb is 80% by atom to 95% by atom relative to a 
total content of the Ga and the Sb In the recording layer, and recording and erasing are candled out by a reversible 
phase change between an amorphous phase and a crystalline phase in the recording layer. 

2. An optfcal recording medium according to Claim 1 , wherein the recording and the erasing are canied out by the 
reversible phase change between the amorphous phase and the crystalline phase in the recording layer, when a 
laser beam having wavelength of 350nm to 700nm is irradiated at a linear velocity (V) one of between more than 
3nn/s and 40m/s or less. 

3. An optical recording medium according to one of Claims 1 and 2, wherein the recording and the erasing are carried 
out by the reversible phase change between the amorphous phase and the ciystalline phase In the recording layer, 
at a linear velocity of lOm/s or more. 

4. An optical recording medium according to any one of Claims 1 to 3, wherein the total content of the Ga and the 
Sb is 90% by atom or more In the recording layer. 

5. An optical recording medium according to Claim 4. wherein the total content of the Ga and the Sb In the recording 
layer is 95% by atom or more. 

6. An optical recording medium according to any one of Claims 1 to 5, wherein the content of the Sb is 85% by atom 
to 95% by atom relative to the total content of the Ga and the Sb in the recording layer. 

7. An optical recording medium according to any one of Claims 2 to 6, wherein the optical recording medium includes: 

the substrate; 

a first protective layer; 

the recording layer; 

a second protective layer; and 

a reflection layer, 

wherein the first protective layer, the recording layer, the second protective layer, and the reflection layer are dis- 
posed on the substrate in this order, and a thickness of the reflection layer satisfies a relation of: 0.1 OX or more, 
when the "X" expresses the wavelength of the laser beam. 

8. An optical recording medium according to any one of Claims 2 to 7, wherein the laser beam has the wavelength 
of 630nm to 700nm. 

9. An optical recording medium according to Claim 8, wherein the optical recording medium includes: 

the substrate; 

a first protective layer, 

the recording layer; 

a second protective layer; and 

a reflection layer, 

wherein the first protective layer, the recording layer, the second protective layer, and the reflection layer are dis- 
posed on the substrate in this order, and each of a thickness of the first protective layer, a thickness of the recording 
layer, a thickness of the second protective layer, and a thickness of the reflection layer satisfies the following 
relations, when "X" expresses the wavelength of the laser beam; 

0.070X<ti ^0.16X 
0.015X^t2S 0.032X 
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0.01U<t3<0,040X 



OAO\<X^\ 

5 

Vexpressesthethiclcnessofthesecondprotecbvelayer.and U expresses tnemicKnesso 

,a io.AnopticaIreconllngmediumaccordingtooneofCyms8and9.whereinm^ 
6nm to 25nm. 

11 . An optical recoKiIng medium aocoKling to aah, 1 0. Wherein 

,5 12. An optical recording medium according to any one o, Cairns 2 to 7. wherein the laser beam has wavelength of 
350nmto450nm. 

13. An optical recording medium according to Claim 12. wherein the optical recording medium Includes: 

20 the substrate; 

a first protective layer, 

the recording layen 

a second protective layer; and 

a reflection layer. 

relations, when 'r expresses the wavelength of the laser beam; 

30 

0.070XS t^S0.5X 
0.015X<t2<0.05X 

35 

0.01U^t3<0.055X 
40 0.10X^t4; 
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14. An optical recording medium according to Claim 12. wherein the optical recording medium includes: 



the substrate; 
a reflection layer, 
so a second protective layer; 

the recording layer, 
a first protective layen and 
a light transmittance layer, 
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0.10XSt4<0.75X 

5 

0.011 A. ^t<.< 0.055X 



0.016X^l2!S0.05X 
0.070X^t^^0.5X 



0 ^ tg ^ 0.6mm, 

wherein "t^" expresses the thickness of the reflection layer, '13" expresses the thickness of the second protective 
layer, \' expresses the thickness of the recording layer, 1^" expresses the thickness of the first protective layer, 
and 'V expresses the thtekness of the light transmittance layer. 

An optbal recording medium according to Claim 12, further including: 

one or more of the recording layers. 

An optbal recording medium according to Claim 15, wherein the optical recording medium includes a first infor- 
mation layer whteh has one of the recording layers, and a second infonmatlon layer which has other one of the 
recording layers in this order, from a direction that the laser beam is inradiated, and a light transmittance of the first 
infonnation layer is 40% or more with the wavelength. 

An optical recording medium according to Claim 3, wherein the recording and the erasing are carried out by the 
reversible phase change between the amorphous phase and the crystalline phase In the recording layer, at a linear 
velocity of 1 4m/s or more. 

35 18. An optical recording medium according to Claim 17, wherein the recording and the erasing are carried out by the 
reversible phase change between the amorphous phase and the crystalline phase in the recording layer, at a linear 
velocity of 28m/s or more. 

19. An optbal recording medium according to any one of Claims 1 to 1 8, wherein a reflectance (Rg) at an unrecorded 
40 space part satisfies a relation of 12%^ Rg ^0%, when a laser beam having wavelength between 350nm and 

700nm is irradiated. 

20. An optical recording medium according to any one of Claims 1 to 19, wherein the optical recording medium has a 
degree of modulation (M) of 0.4 or more, when the recording Is carried out at a linear velocity (V) one of between 

45 rnore than 3m/s and 40nn/s or less and at wavelength of a laser beam of between 350nm and 700nm, and the 

degree of modulation (M) satisfies a relation of: 

M= (Rg-Rb)/Rg, 

so 

where "M" expresses the degree of modulation, "Rb" expresses a reflectance at a recording mark of the optical 
recording medium, and "Rg" expresses a reflectance at an unrecorded space part of the optical recording medium. 

21. An optical recording medium according to Claim 20, wherein the optical recording medium has the degree of 
55 modulation (M) of 0.4 or more, when the recording is canried out by an optical lens having NA of 0.60 or more. 

22. An optica! recording medium according to one of Claims 20 and 21 . wherein the optical recording medium has the 
degree of modulation (M) of 0.6 or more. 
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23. An optteal recording medi um according to Claim 20. wherein the optK:al ^^^-^XrerfooTa"^^^^^ 
modulation(M)of04ormore.«rt.en the recording iscaniedoutat any l.nearvelocfty(V)be^^^^ 

24. An optical recording medium according to Claim 23. wherein the optical ^^''^'^^/"jf^jil^f/^ 
10% or less, when L recording is carried out at any linear velocity (V) between 10m/s and 35m/s. 

25. An opt^l recording med^m according to any one olClaimsn 
at least one element selected from Ag, Au, Cu. Zn. B. Al, In. Si. Ge. Sn. Pb. N. P. Bi. La. oe, t.a. d. ivig, . 
Zr, Rh. Se, Fe, and Ir. 

26. An optical recording medium accordlngto Claim 25,wherein the element is at least one selectedfromAg.Au.^^ 
B. Al, In. Mn, Sn, Zn, Bi, Pb, Ge, Si., and N. 

27. An optical recording medium according to Claim 1 . wherein the recording layer contains an alloy expressed by the 
IS following Formula (1); 

GaoSbpXY Fomiulad) 

29. An optical recording medium according to Claim 25. wherein the recording layer contains Ga, Sb. Bi. and Rh. 

30. An optical recording medium according to Claim 29. wherein the recording layer further contains one element 
selected from Cu, B, N, Ge, Fe, and Ir. 

31. An optical recording medium according to Claim 25. wherein the recording layer contains Ga. Sb. Zr. and Mg. 

32. An optical recording medium acco«iing to Claim 31. wherein the recording layer further contains one element 
selected from Al, C, N. Se, and Sn. 

33. An optical recordingmediumaccordingtoanyoneofClaims1to32.whereintheopticalrecordingmedi^^ 

the substrate; 
a first protective layer; 
40 the recording layer; 

a second protective layer; 

a reflection layer; and 

a surrounding protective layer, 

layer. 

34. Aprocessformanufacturingan optical recoiling medium characterizedlnthattheprocess includes t^ 

disposing a fi.3t protective layer, a recording layer, a second protective layer, a refl^^^^^^^^^^ 
a substrate so as to manufacture an optical recording medium pnor to inrtial crystallization. 
frradS^ a fas^beam having a power density of SmW/jmi^ to SOmW/^m^ to the optical recording mediurn 

p^CSialc^^^^^^^^^^ 

moving the laser beam at a constant linear velocity for initial ciystallKation of 3m^s to 1 8m/s. so ^ tomrt^Uy 
crJsSize the optical recording medium prior to inftial cnrstallization and manufacture an opt«al recording 
mediuni according to any one of Claims 1 to 33. 



30 



35 



45 



50 



55 



46 



BNSDOCID: <EP ^1372148A2J_> 



EP 1 372 148 A2 



35. A process for manufacturing an optical recording medium according to Claim 34, wherein the laser beam has the 
power density of 1 SmW/jim^ to 40mW/|im2, and the constant linear velocity for initial crystallization is 6nn/s to 1 4m/s. 

36. A sputtering target for manufacturing an optical recording medium characterized in that the sputtering target 
contains: 

an alloy, 

wherein the alloy is expressed by the following Formula (1); 

GaaSbp Fomfiula(1) 

where "a" and "P" are each expressed in % by atom, and each satisfy relations of: "5 ^ a ^ 20" and "80 ^ ^ ^ 95." 

37. A sputtering target for manufacturing an optical recording medium according to Claim 36, wherein the alloy is 
expressed by the following Formula (1 ); 

GaaSb^ Formula (1) 

where ''a" and "p" are each expressed in % by atom, and each satisfy relations of: "5^ a ^ 15 and "85 ^ p ^ 95." 

38. A sputtering target for manufacturing an optical recording medium characterized in that the sputtering target 
contains: 

an alloy, 

wherein at least one element of the alloy is selected from Ag, Au, Cu, B, Al, In, Mn. Sn, Zn, Bl, Pb, Ge, Si. and N, 
a content of the.element is 10% by atom or less of other element of the alloy, and the alloy is expressed by one 
of the following Formula (1 ); 

GaaSb^ Fonnula(l) 

where V and "p" are each expressed % by atom, and each satisfy relations of: "5^ a ^ 20" and "80< p ^ 95." 

39. An optical recording process characterized in that the optical recording process includes the steps of: 

forming a laser beam which reversibly phase changes between an amorphous phase and a crystalline phase 
in a recording layer which is disposed on a substrate of an optical recording medium according to any one of 
Claims 1 to 33, so as to have one of a single pulse and a plurality of pulses; and 

in^adiating the laser beam to the optical recording medium at a linear velocity (V) one of between more than 
3m/s and 40m/s or less, and at a recording power (Pw) having a power density of 20mW/p.m^ or more, so as 
to record In the recording layer. 

40. An optical recording process according to Claim 39, wherein the linear velocity (V) is one of between lOm/s and 
35m/s. 

41. An optical recording process according to Claim 40, wherein the laser beam is Irradiated, so that a ratio of an 
erasing power (Re) to the recording power (Pw) satisfies a relation of: 

0.10 <Pe/Pw^ 0.65, 

where "Pe" expresses the erasing power and "Pw" expresses the recording power. 

42. An optical recording process according to Claim 41 , wherein the laser beam is irradiated so as to have a ratio of 
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an erasing power (Pe) to the recording power (Pw) which satisfies a re^iion o 

0.13 ^Pe/Pw^ 0.6. 

where Te" expresses the erasing power and "PW expresses the recording power. 
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